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PRELIMINARY REPORT ON THE KETCHIKAN MINING DISTRICT ALASKA, 
WITH AN INTRODUCTORY SKETCH OF THE GEOLOGY OF SOUTH- 
EASTERN ALASKA. 



By Alfred H. Brooks. 



INTRODUCTION. 

Since 1898 the United States Geological Survey has been carrying on a 
systematic investigation of the mineral resources of Alaska. On account of the 
rapid development of the placer fields of Seward Peninsula and the interior, the 
money appropriated for Alaskan surveys during the first three years was chiefly 
spent in explorations and reconnaissances of these fields, and the mining districts of 
southeastern Alaska were not given the attention which their importance demanded. 
For this reason a geologic reconnaissance of southeastern Alaska was undertaken in 
the season of 1901, and the writer was placed in charge of the work. His field orders 
authorized him to examine such portions of southeastern Alaska as time would 
permit. It was originally planned to make a general reconnaissance of all the 
mining districts of that region, but it was found that this was too great an under- 
taking for one field season, especially as the writer was detained in Washington 
until late in June, and the limited funds available necessitated a curtailment of 
expenses by shortening the field season. As the northern mining districts of south- 
eastern Alaska had already been the subject of an investigation by Dr. Becker in 
1895,° and as the Ketchikan district was being rapidly developed, it was decided to 
spend the greater part of the short season in the Ketchikan district and in the fall 
to make a more hasty reconnaissance of the northern belt, in order to obtain a 
general familiarity with the region and, if possible, to establish some correlations. 
This plan was carried out, and the results of the work are embodied in the following 
report. 

The field work was much hampered by the lack of topographic maps, and 
the resources of the party were insufficient to permit of carrying on systematic 
topographic work. Fortunately, however, the coast line proper had been charted 

with fair accuracy by the reconnaissance work of the Coast and Geodetic Survey. 

' _^ 

a Gold fieldti of tioutheasteni Alaska, by Qeurge F. Becker: Eighteenth Ann. Kept. U. S. Oeol. Survey, Pt. Ill, pp. 1-86. 
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12 .Tfife. ktji'HlKAS UlSlSa DLSTBICT, ALASKA. 

In tit^ f'%iAMit\ pArt of the region al«^> M>iiie topo^raphk- work harl been done by 

_ 

the luU'P9miUHiskl tUHiwhtry Suney. The.«?^' map^" were u-^ a> a ^ja8L» for the 
fl^Afj^ ' work, with imeb j^upplem^ntar}' (fjirei^ons and ^ketohe^ &< time and 
^. 'Z'^^^*^!^^''* pennitted. Throug^bout the field and office work the writer has had the 
'/• ■ efli^rrient aid of Mr. Corev C Bruvton. 

The writer, in rrompany with Mr. Bn&yton. rear-hed Ketchikan on Jaly 12. 
fy^erai flay» were repent at this point in outfitting and organizing a party and 
in exaifiining the ger>logy of the vicinity. A 3.>-foot gasoline launch had been 
brrMjgbt frrmi Seattle, and on thi«* the party of four lived and traveled during 
the prcjgre^ of the work. They werf- fortunate in securing as pilot Mr. L. 
Ander-^*n. whtne Um^ exfierienr-f in the waters of southeastern Alaska made 
him in%'aluable on a i-rja.'^t whii-h had not l>een charted in detail. 

After leaving Ket/'hikan. the gold deposib* of Helm Bay and Smuggler Cove, 
on Cleveland Peninsula, were the first which were examined. Thence the party 
encircleil Kevillagigff^lo I.«*land. visiting Nf^et^ Bay. Bell Island, and Burroughs 
Ifciy. Tfiis trip was made for the purfK>se of determining the relation of the 
Meilimentary ^le^ls tr> the C^ja^t Kangr^ granite. The next stop was at the upper 
ewl of Tfjorne Ann, where the S^» I>evel claim and adjacent gold-l>earing properties 
were examined. The [larty then pr:x;eeded to the head of George Inlet, making 
w?veral stofw to examine silver ami If^ deposits. The mining claims bordering 
Tongans Channel were visitr^d on the way to Ketchikan, whence, after securing 
ad^litional supplies and fuel, the party proceeded to the lower end of Gravina 
Inland. At this [Xiint si^veral (Liys were spent in examining the copper deposits 
of Html Itev and I)all Head. 

On August 4. aft^^r crossing Clarence Strait, Niblack Anchorage was reached. 
During a stay of si^veral days a hasty examination was made of the more impoitant 
copjM^r and gold claims of the vicinity. From this point a reconnaissance of Moira 
Sound was made, and on August 8 the party reached the head of North Arm. The 
examination of the mining claims in the vicinity of North Arm occupied the party 
until August 11. The 12th and 13th were spent in the gold-bearing region in the 
vicinity of Dolomi, Johnson Inlet. From this point the party proceeded to the head 
of the North Arm of Cholmondeley Sound, and thence made a trip across the portage 
and down Hetta Inlet to Copper Mountain, where a day was spent. On August 17 
and 18 the properties on the South Arm of Cholmondeley were examined, and August 
19 and 20 were spent in Kitkun Bay. From Kitkun Bay trips were made to vari- 
ous claims on Skowl Arm, and on August 24 Kasaan Bay was reached. The exami- 
nation of the many mining properties in the vicinity of Kasaan Bay occupied the 
attention of the party from August 25 until September 4. During this time three 
days were spent in the Hollis gold-bearing region. After a brief visit to Tolstoi 
Bay to see the Iron Cap group of copper claims, the party returned to Ketchikan. 

aCharU No*. 8100 and 80G0, U. S. Coast and Geodetic Survey. 
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INTRODUCTION. 13 

A short trip to Vallenar Bay, on Gravina Island, including a visit to several claims 
on the way, and a trip to Loring and Traitors Cove, completed the field work in the 
district. 

During a period of two months the party traveled about 1,200 miles, visited 
upward of 150 claims and mines, and made a rough reconnaissance of about 2,000 
square miles. This work was accomplished in spite of the fact that it rained more 
or less on forty -five of the sixty days spent in the district. 

The latter part of September and early part of October were spent in determin- 
ing the general geologic relations in the northern part of the belt. A stop of one 
week was made at Juneau, and a number of other localities were visited. A part of 
the results of this latter trip are submitted herewith in an introductory sketch on 
the geology of southeastern Alaska. 

In the publications of the Geological Survey relating to Alaska, it has* been 
customary to emphasize the more pmctical conclusions, bearing chiefly on the min- 
eral resources of the regions discussed. In accordance with this practice the writer 
will aim to give special attention to the economic problems and to leave the more 
purely theoretical discussions to the future, when detailed investigations have been 
made. The writer has felt some hesitancy in submitting a report which is so incom- 
plete in detail and which probably contains many errors. Those who make use of it 
should remember that the field work was done too hastily to peniiit of exhaustive 
studies. It is hoped that the report will be of value in drawing attention to this 
important mining region, and that it will afford prospectors and miners some clues 
to the occurrences of the various types of ore bodies found in the district. 

The writer is under great obligations for the many courtesies extended to him 
by the prospectors and miners of the region, who almost without exception aided in 
furthering the investigation in every way in their power. It would be impossible to 
give the names of all those who extended courtesies to the party, but the writer is 
under special obligations to E. C. Morse, of Ketchikan; George H. Coughran and 
Thomas F. Johnson, of Helm Bay; James Halt, of Niblack Anchorage; A. Z. 
Burkhart, of Dolomi; M. L. Lichtenstadter, of Mount Andrew; Jim Bowden, of 
Hollis, and Henry W. Mellen, of Coppermount. 

The writer is much indebted to Mr. Charles Schuchert, of the National 
Museum, for the great interest he has taken in the paleontologic problems of the 
region. While the fossil evidence which has thus far been collected is rather 
meager, Mr. Schuchert's determinations at least point toward some interesting 
conclusions. Dr. E. T. Allen has rendered valuable aid in chemical work. To 
Dr. C. Willard Hayes the writer is indebted for the use of unpublished notes. 
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SKETCH OF THE GEOIX>GY OF SOUTHEASTERN AI^SKA. 

GEOGRAPHY. 

The panhandle of Alaska, which extends southeastward from Mount St. Elias, 
is usually called southeastern Alaska. This coastal belt, with its conti^ous islands, 
has an area of nearly 4<),000 scjuare miles. It is included between latitudes 54^ 30' 
and &P 30' and longitudes 180^ and 141^. That portion which is more especially 
the subject of this sketch lies to the southeast of Cross Sound and Glacier Bay, 
and includes an area of about 20,000 square miles. Its position relative to other 
portions of the earth's surface can better be comprehended by the statement that 
Sitka, which Is located on an island in the northern part of this belt, is on the 
same parallel of latitude as Edinburg, in Scotland. 

Alaska is divisible into four geographic provinces, corresponding to and, 
broadly speaking, coextensive with those of western Canada and the United States. 
The westernmost of these includes a mountainous belt, which, in conformity to 
Major Powell's nomenclature,^ may be called the Pacific Mountain system. I^t of 
this is the Plateau region, bounded to the east and north by the third province, 
which is formed by the northern and western extension of the Rocky Mountain 
system. East and north of the Rocky Mountains b the fourth province, 
comprising the Plains region. Southeastern Alaska falls entirely within the first 
of these provinces. The Pacific Mountain system in this region includes four 
important ranges, the Coast, St Elias, Aleutian, and Alaskan ranges, whose axes 
are parallel to the coast, and numerous inferior transverse ranges. The Coast 
Range, the St. Elias Range, and the Aleutian Range lie adjacent to the coast, 
while the Alaskan Range is inland and forms the northern boundary of the system. 
The Aleutian and Alaskan ranges lie outside the region under discussion and will 
not be further considered. 

The so-called Coast Range extends from near the boundary of Washington north- 
ward through British Columbia into southeastern Alaska. In British Columbia it 
has a width of about 100 miles, which decreases to the northward. Its peaks vary 
in altitude from 7,000 to 8,000 feet. Following the coast line for nearly 900 miles, 
it passes behind the St. Elias Range near the head of Lynn Canal. Beyond this point 
it decreases in altitude northward and gradually loses its distinctiveness, finally 
merging with the Interior Plateau. The Coast Range has no distinct crest line, but, 
as Drs. Dawson and Hayes have shown, is an irregular aggregate of mountains whose 
summits mark an elevated plateau and whose limits are often ill defined. Inland it 
locally merges with the Interior Plateau, and on the coast side it is not always well 
differentiated from the mountains of the Alexander Archipelago. 

a Under "Pacific MoiinUiin<i" Major Powell included ranges lying vreai of the Basin ranges in the United Statea. 
Th'* term " Pacific Mountain Hystem" is intended to include all of the mountains of North America which lie 
(-(>;. (iguous to the Pacific Ocean. (See Monographs Nat. Qeog. Soc., Vol. 1, 1{$96, pp. 96-100.) 
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GEOGRAPHY OF SOUTHEASTERN ALASKA. 15 

Westward from Cross Sound the St. Elias Range, which seems to be the exten- 
sion of the mountainous Alexander Archipelago, forms the most prominent coastal 
feature of Alaska. Near Mount St. Elias the range has a width of about 100 miles, 
but it narrows down in both directions. Near Cross Sound the Fairweather group 
of mountains in the St. Elias Range reach altitudes of over 15,000 feet. Toward the 
west the range increases in height and complexity, culminating in Mounts St. Elias 
and Logan, 18,060 and 19,500 feet in height, respectively. The mountains of the 
Alexander Archipelago can not be said to form any well-defined i*ange. On Baranof 
Island are mountains reaching altitudes of 3,0(X) to 4,000 feet. On Prince of Wales 
Island there are also many peaks which rise to this height, but they arc more or less 
irregularly distributed. In general, these mountain groups trend in a northwest- 
southeast direction, parallel to the coast line and to the Ck)ast Range. There are 
but few topographic data available in this region except the contour of the actual 
shore line. 

The coast line of this part of Alaska is very irregular, the shore being marked 
by many deep embayments and islands. The shores are usually very abrupt and the 
deep water lies close to the land. 

More than half of the land area of that portion of Alaska which lies southeast 
of Glacier Bay is included in the islands of the Alexander Archipelago. The largest 
of these are Chichagof, Baranof, Admiralty, Kupreanof, Kuiu, Prince of Wales, 
Etolin, and Revillagigedo, and there are many small ones. The longer axes of the 
larger islands roughly parallel the general trend of the coast of the mainland. The 
otherwise smooth coast lines of the islands are broken bv numerous fiords, similar to 
those which penetrate deeply into the adjacent Coast Range. The islands are sepa- 
rated from each other and the mainland by deep and often very narrow waterways. 
Some of these, like Lynn Canal, penetrate far inland. An examination of the map, 
PI. I, will show that these features have more or less of a parallel arrangement, and 
elsewhere attention will be di^awn to the fact that the direction of these channels is 
consequent on structural lines in the bed rock. 

In southeastern Alaska four rivers of considerable size, the Alsek, Chilkat, Taku, 
and Stikine, have their sources in the Interior Plateau region, and reach the sea after 
traversing the coastal ranges. The Chilkat flows through the depression which sepa- 
rates the northern extension of the Coast Range and the St. Elias Mountains. 

The Alsek system includes a region of extremely varied topography. Its upper 
waters lie within the Yukon Plateau, and its valley has there been cut to a depth of 
3,000 to 4,000 feet below the general level of the surrounding country. Its lower 
valley cuts entirel}^ through the St. Elias Range, and there the relief must be many 
thousand feet, but accurate data are entirely lacking. The Alsek is said to be fed by 
numerous glaciers where it cuts the range. After leaving the mountains the Alsek 
spreads out into the broad delta called Dry Bay. 

The Chilkat has its source in a broad depression which forms the divide between 
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it and the Alsek River. It ha8 a southerly course and flows into Chilkat Inlet, an 
embayment of Lynn Canal. The valley walls of the Chilkat are characterized by 
many benches and terraces, which probably had a glacial origin. It is fed })y 
numerous glaciers, which have their sources in the St. Elias llange to the southwest 
and in the Coast Range to the northeast. 

The Taku River rises in the Plateau region, near the headwaters of the Teslin. 
xt has a general southwesterly course, and is tri})utary to Taku Inlet. It also receiver 
several glaciers where it travei'ses the Coast Range. 

The Stikine River is the largest of the four. Its source lies far inlana, m 
northern British Columbia, where its headwaters interlock with those of the Liard 
River. In its upper course it has a rather broad valley, incised to a depth of 3,000 
to 4,(KM) feet in the plateau. Where it traverses the Coast Range the valley is 
narrower and the walls are more abrupt. It here receives many tributary glaciers. 
At its mouth it has a broad flood plain. 

On the mainland of southeastern Alaska there are manv minor streams which 
have their sources within the Coast Range. 

The drainage of the islands of the Alexander Archipelago is usually c«,rried to 
the sea by small streams. The lack of topographic maps makes it impossible to 
describe them in any detail. 

BED-ROCK GEOLOGY. 
INTRODUCTION. 

So little is known of the bed-rock geology of tlfe panhandle of Alaska, extending 
southeastward from Yakutat Bav, that it has seemed to the writer woilh while to 
correlate the data available and to present some tentative conclusions. A few small 
areas in this region have been studied in more or less detail, and many facts have 
been gathered, but practically no attempt has been made to bring them together. 
The studies of the Canadian geologists, especially those of Dr. Dawson near the 
international boundary and in British Columbia, have contributed to the deciphering 
of the stratigraphic succession and to the pointing out of some of the more important 
structural features. 

Many of the early exploring expeditions which visited this coast included natural- 
ists who made collections and in their reports made mention of some of the geologic 
features of the region. These observations have l>een collected })y Dr. Dall." to 
whose report the reader is referred for details. 

In 1863 Mr. William P. Blake,* on his return from Japan, visited Sitka and 
joined a Russian expedition which explored the Lower Stikine. Mr. T. A. Blake 
made o})servations on the geology and mineral resources of southeastern Alaska,^ 

nCoal and lifrnitc of Alaska: Seventeenth Ann. Rept. V. S. Geol. Survey, Pt..1, 1896, pp. 835-837. 

frGeographlcal notes upon Roasian America and the Stikine River: House Ex. Doc. No. 177, Pt. 2, Fortieth Congress, 
second session. 

c Topographical and geological features of the northwest coast of Amcri(*a: Am. Jour. Sci., 2d series, Vol. XLV. 1868, 
pp. 242-247. Geology of Alaska Territory: U. 8. Coast Survey Report for 1867, pp. 281-290. 
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while attached to tne United States Coast Survey as geologist. Dr. Dall, daring bis 
connection with the Coast Survey, from 1871 to 1884« made many trips along the 
southeastern Alaskan coast and gathered much geologic data.^ 

In the surveys and explorations of Alaska the commander of nearly every Gov- 
ernment vessel which visited the coast made efforts to gather information in regard 
to its mineral resources. Conspicuous among these is Prof. George Davidson, who 
spent many years in surveying the coast of this region. Probably.no one has greater 
familiarity with southeastern Alaska than Professor Davidson, and his reports 
contain much that is of interest to the geologist.^ 

In 1888 Dr. Dawson began the first systematic geologic work in the region by 
his studv of the Chilkoot Pass and Stikine River sections.^ This work of Dawson's 
was amplified in 1891 by Dr. Hayes^' who went inland by the Taku Inlet and 
River. 

In 1889 Prof. I. C. Russeu' returned to the coast from the Yukon waters bv 
way of Chilkoot Pass. During his two St. Elias expeditions Professor Russell/ con- 
tributed notes on the bed-rock geology of the Yakutat Bay region, though the main 
body of his reports was devoted to glacial problems. 

In 1890 Professors Reid and Cushing,^ while studying the Muir Glac*ier, did a 
little areal mapping of the bed-rock geology. 

In 1895 Messrs. DalP and Becker < made a trip to southern Alaska to stuay 
its gold and coal resources. They visited a number of localities in the Alexander 
Archipelago and on the adjacent mainland. 

In 1896 Mr. Spurr crossed the Chilkoot Pass, following the same route as that 
taken by Dawson^ and contributed some additional geologic notes.*'' 

Prince Luigi's party, on the expedition to Mount St. Elias in 1897, gathered 
some specimens and made some geologic notes, though no geologist accompanied the 
party.* 

In 1898' the writer had opportunities for making some geologic observations 
while on his wav into the interior bv wav of the White Pass and Lewes River route. 
A delay of several weeks at Marsh Lake, waiting for the ice to break, was utilized in 
studying the geology of the immediate vicinity and making a hasty trip to the Teslin 

o Compare Coal and lignite of Alaska: SeTenteenth Ann. Rept. V. S. G«ol. Survey, Ft. 1. 189S, pp. 76S-906: Oorrela- 
tion Papers— Neocene: Bull. U. S. Geol. Survey No. 84, 1892, pp. 232-368. 

^Alaska Coast Pilot; Part I. Coast from Dixon Entrance to Yakutat Bay; United SUtesCoaM and Geodetic Survey, 188S. 

''Report on an exploration in the Yukon dintrict, N. W. T., and adjacent portions of British Columbia, by Gtorge 3f . 
Dawson: Geol. Nat. Hist. Survey Canada, new series. Vol. Ill, PL 1, 1887-88, pp. 1-277 B. 

<f An expedition through the Yukon district, by C. Willard Hayes: Nat. Geog. Mag.. Vol. IV, 1892, pp. 99-162. 

'Notes on the surface geology of Alaska: Bull. Geol. See. Am., Vol. I. pp. 99-162. 

/Expedition to Mount St. Elias: NaL Geog. Mag., Vol. Ill, 1891-92. Second expedition to Mount St. Elias: Thirteenth 
Ann. Rept. U. S. Geol. Survey, Pt II, 1893, pp. 1-91. 

Studies of the Mulr Glacier, by H. F. Reid: Nat. Geog. M«g., Vol. IV, 1892-9S. Notes on the geology in the vicinity of 
the Mulr Glacier, by H. P. Gushing: Nat. Geog. M«g., Vol. IV, 1892-9S. Notes on the Muir glacial region and its geology: 
Am. Geol., VoL VTII, pp. 207-280. Glacier Bay and its glaciers, by H. F. Reid: Sixteenth Ann. Rept. C. 8. GeoL 
Survey, Pt. 1, 1896, pp. 421-461. 

*Coal and lignite of Alaska, by William H. Dall: Seventeenth Ann. Rept. U. S. Geol. Survey, Pt. 1, 1896, pp. 76S-808. 

'Gold fields of southern Alaska, by George F. Becker: Eighteenth Ann. Rept. U. S. Geol. Survey, Pt III, 1898, pp. 1-86. 

J Geology of the Y'ukon gold district, by J. E. Spurr: Eighteenth Ann. Rept. r. S. Geol. Survey, Pt. m, 1896, pp. 87-892. 

kThe Ascent of Mount St. Elias, by Filippo de FUippi, translated by Linda VUlari, 1900, pp. 2S2-2S9. 

IReconalMance in Tanana and White river basins: Twentieth Ann. Rept. U. & Geol. Survey, Pt VII, 1900, pp. 425-494. 
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River. In the following year'* the writer went inland !)y the Dalton-trail route and 
obtained some geologic notes along the Chilkat and Klehini rivers. 

There have also !)een brief reports in the technical journals on some of the 
mining districts. The Juneau district has been described by G. W. Grarside,* and 
the Ketchikan mining region by W. T. Brewer/ and also by an anonymous writer.^' 

(GENERAL DESCRIITION. 

While but few of the details of the geplogy of southeastern Alaska are known, 
and even the general succession of beds is very much in doubt, yet the distribution of 
certain lithologic types is fairly well established. The rocks, in general, trend in a 
northwest-southeast direction, parallel to the coast line. There are certain lithologic 
types occurring as belts running parallel to this strike, which seem to persist with 
somewhat remarkable uniformitv from Dixon Enti'ance to Lvnn Canal and lev Strait. 
These belts, together with some mther fi'agmentary paleontologic evidence, have 
been used as the basis for the accompanying sketch map. In the compilation of this 
map the writer, who is familiar with only a part of the region, has had to make very 
liberal use of the results of previous workers. Such a compilation must almost of 
necessity contain errors even were the region well known, but when it is considered 
that much of the region is hardh' explored an additional source of error appears. It 
is believed, however, that the advantages of bringing the information together in 
gmphic form more than counterVmlances the objection to publishing a map which 
must contain many errors and omissions. The aim has been to represent chiefly 
the distribution of certain lithologic types on the geologic map, but this has led 
to a certain amount of correlation. 

The granitic rocks of the Coast Range form the best defined of the zones of 
lithologic unity. The gmnite is intrusive and occurs in other pails of the region 
in smaller areas. To the east of the Cojist Range is a series of sediments, probably 
chiefly of Paleozoic age. These are in turn overlain unconformably by younger 
sediments, chiefly of Mesozoic age, containing considerable volcanic material. 
Adjacent to the granite of the ("oast Range on the west is a belt of argillites, with 
some limestones of undetermined age, containing many greenstone intrusives. This 
series is considerably metamorpbosed. To the west of the argillites blue limestones, 
but little altered and containing Devonian fossils, have teen found at a number of 
localities. The westernmost islands of the Alexander Archii>elago are chiefly made 
up of a series of white crystalline limestones and phyllites, which contain many 
greenstone intrusives. These rocks occupy considerable areas in Prince of Wales, 
Baranof, Chichagof, and Admiralty islands, and have been traced northward to 
Glacier Bav on the mainland. 

'» Rwonnaissanco from Pyramid Harbor to Eagle City, Alaska: Twenty-first Ann. Kept. U. 8. Get)l. Survey, Ft. II, 1900, 
pp. 331-391. 

ft The mineral resourwM of M>utheaMt Alaska: Trans. Am. Inst. Mln. Eng., Vol. XX, 1892-93, pp. 815-823. 
<*The Ketchikan mining district, Alaska: Eng. Min. Jour., Vol. LXXII, 1901, pp. 630-632. 
dMin. Sci. Press, September 7, 1901, Vol. LXXXIII, pp. 99-101. 
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These five belts — the white limestone and phyllite, the blue limestone, the 
argillites to the west of the Coast Range granite, and the Paleozoic and Mesozoic to 
the east — form the country rock of the larger part of this province. There are also 
Tertiary sediments, volcanic rocks, and various types of intrusives in this region. 

PALEOZOIC SEDIMENTS. 

The older sediments west of the Coast Range have been differentiated into three 
groups, of which two are Paleozoic and one is probably in part Paleozoic and in part 
Miesozoic. The corresponding beds east of the Coast Range are all grouped together 
as Paleozoic, for it is impossible to differentiate them on the facts now available. 

The oldest beds in which fossils have been found are the limestones outcropping 
on the shores of Glacier Bay. This limestone, which Prof essors , Reid and Cushing** 
describe as gray or blue in color, in places has been changed to a white marble. 
Professor Cushing found a few fossils in this limestone at Dmke Island which were 
examined by Prof. H. S. Williams and determined to be Paleozoic. Later, on the 
evidence presented by these fossils, and particularly that of a coral collected from 
the Dirt Glacier by Prof. J. J. Stevenson, these limestones were assigned to the 
Carboniferous.* It will be shown below that the latter fossil is from an entirely 
different horizon. Through the kindness of Professor Williams, the Drake Island 
material was submitted to Mr. Charles Schuchert, to whom the writer is indebted 
for the following report: 

'•I have examined the Drake Island material and find a large Leperditia of the 
Z. halt tea group; Megalomns sp. undet., sections of a very large species very similar 
to J/, canadensis; and Iloi^nujtoma sections, like seveml found in the Guelph of 
Ontario. 

''The fossil on which one can depend for age determination is the Leptrditia, 
These large species of Leperditia cease with the basal beds of the American Devonian 
(Lower Pentamerus-Coeymans), but their greatest abundance is in the Wenlock and 
Dudley horizons of Europe. The Glacier Bay species is unmistakably related to the 
Z. haltica of the Upper Silurian. Further, it is not related to the large Ix)wer 
Silurian forms of the Z. fabidites group, and this is again shown by the presence of 
very large bivalve shells which I take to be of the genus Megahnnus^ a fossil so char- 
acteristic of the late Upper Silurian. Even if the large shells are not Megaloimis^ 
these Leperditia^ alone prove that the limestone can not be younger than late 
Upper Silurian. It is true that the genus Leperditia is stated to occur as late as 
Lower Carboniferous time (Z. carhimaria Hall, Z. nickleai Ulrich), but all the 
Devonian and Carboniferous species are minute forms, and if they do not belong to 
other genera, which is not improbable, they certainly can not be included in the 
Z. haltica group of Lepei'ditia, 

"The coral identified as Lonsdaleia comes from another locality (Dirt Glacier) 
more than 15 miles away, and can not be included in the Drake Island fauna. To 
this locality one should for the present restrict the type section for the ' Glacier 
Bay limestone,' for the reasons above given and for the further one that the coral 
was not found in situ." 



a Nat. Geog. Ma«.. Vol. IV, p. 59; Sixteenth Ann. Kept. U. S. Geol. Survey, Pt. I, p. 433. 
^Sixteenth Ann. Kept. U. S. Geol. Survey, Pt. I, p. 434. 
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Reid and Cushing found an argillite series underlying the limestone conformably. 
Both of these formations are closely folded. Their thickness was not, determined, 
but it is probably several thousand feet. Intrusives of a dioritic character are 
plentiful in the Glacier Bay region, and show evidence of having suffered some 
deformation. 

White limestones were observed by the writer outcropping along Peril Strait on 
Bamnof and Chichagof islands. The}^ are intimately associated with argillites, and 
they are all rather closely folded. Greenstone intrusives are also common in these 
beds. They are in every way similar to those described from Glacier Bay, except 
that they are probably more metamorphosed. The phyllites of this series are well 
exposed on Rodman Bay, where they are finely plicated. A white crystalline lime- 
stone occui*s at the southeastern end of Chichagof Island, near Sitkoh Bay, and again 
at Kootznahoo, on Admiralty Island. Large areas of white ciystalline limestone are 
exposed at the upper end of Prince of Wales Island, where a marble quarry is located. 
In the southern part of Prince of Wales Island are white limestones and phyllites 
which have been grouped together as the Wales series.'* 

The above facts go to show that there is more or less of a continuous belt of 
white limestones and phyllites extending through the westernmost islands of the 
Alexander Archipelago to Glacier Bay. At Glacier Bay these beds have been deter- 
mined to be of Upper Silurian age. The series is, therefore, provisionally assigned 
to the Lower Paleozoic. This series has commercial importance, as in its more crys- 
talline foiTii it is known to carry gold and copper deposits. 

Reference has already been made to a coral which was found on the moraine 
of Dirt Glacier by Professor Stevenson, who describes the locality as follows:* 

''The ' Dirt Glacier,' or first eastern tributary of the Muir, must head up against 
an outcrop of this limestone, for one of the passengers on our vessel picked up a 
form like Acervuluria^ which, taken in connection with some Leperditia obtained by 
Mr. Cushing in 1890 [Drake Island], tends to show that the limestone [of Glacier 
Bay] is not younger than Middle Devonian." 

Through the courtesy of Professor Williams, Mr. Schuchert was enabled to 
examine the coral secured by Professor St-evenson, and he reports as follows: 

" Later this coral was sent to Professor Williams, and Cushing reports that he 
identified it as a Lonsdaleia^ ' and regards it as demonstrative of the Carboniferous 
age of the horizon whence it came.' 

''I agree with Stevenson that the coral in question is an Acerindaria^ since it 
has no columdUi^ as is demanded for species of Lonsdaleia. It is a species near A. 
davidsojil^ a coral characteristic of the Middle Devonian of the Mississippi Valley. 
It may prove to be a new species when sections are made. The genus Acervidaria^ 
however, is unknown above the Devonian. Another Acervularia is known from the 
Mackenzie River country {CyathophyUum arcticum Meek), so that the genus may be 
expected to turn up elsewhere in the far North. 

a See pp. 41-42, and PI. II. ^Scottish Qeog. Mag., Vol. IX, 1893, p. 70. 
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''Since AcervulaTui of the A, damdsoni type is so characteristic of the Middle 
Devonian, it seems safe to assume that beds of this age occur in the Glacier Bay 
region, and that it is the same general horizon discovered the past summer by Mr. 
Brooks at Long Island, Kasaan Ba}^ and Prince of Wales Island." 

Mr. Schuchert's determination shows that this coral is from a bed which is an 
entirely different horizon from the limestones at Drake Island, which he determined 
as Silurian. In view of this fact it is interesting to note what Professor Gushing 
says in regard to the limestone beds from which the coral must have come: 

'^ However, further light has been shed upon this point by the discovery, 
chronicled by Professor Stevenson, of a piece of fossil coral on one of the moraines 
of the Dirt Glacier. A single one of these peaks amid which the Dirt Glacier has 
its source is capped by the limestone; otherwise the drainage basin of this glacier 
lies entirely in argillites or eruptive rocks, so that the locality whence this coral was 
derived is pointed out beyond question. "'* 

All this evidence points to the conclusion that there is a younger limstone in 
the Glacier Bay region, which is of Devonian age. This limestone has not been 
identified at any other locality in the vicinity. In the southern islands of the 
archipelago, however, Devonian beds have been found at several places. Mr. 
Schuchert identified as Devonian some fossils* contained in a white crystalline 
limestone collected at Saginaw Bay, Kuiu Island, by Mr. Brightman. It is interest- 
ing to note that some fragments of sandstone from this same locality contain Lower 
Carboniferous fossils. This is the only locality in southeastern Alaska where this 
horizon has been identified. 

In the Ketchikan district, as will be shown below, Middle Devonian fossils 
were found at Long Island, Kasaan Bay, and at Vallenar Bay, Gravina Island. At 
these localities the evidence goes to show that the Devonian rests unconformably on 
the older beds. These Devonian limestones, together with some associated slates, 
have been grouped together as the Vallenar series. 

The presence of Devonian foasils in these widely separated localities goes to 
show that beds of this period are probably well represented in southeastern Alaska. 
At the Prince of Wales Island locality the Devonian beds are almost entirely 
unaltered, and this rather unsafe criterion has been used to differentiate them from 
the older white crvstalline limestone series. When more detailed examinations are 
made it may be found that some of the crystalline limestones are of Devonian age. 
On the map the Devonian limestone and asso<!iated beds are grouped together as 
Upper Paleozoic. 

The Upper and Lower Paleozoic beds east of the Coast Range have not }>een dif- 
ferentiated, as they have lieen to the west, and they are therefore grouped together 
on the accompanying map. Dawson's work has thrown much light on the general 

a Trans. New York Acad. Scl., Vol. XV, p. 26. 

b Report on Paleozoic fosHils from Alaska, by CbarleK Sohuchert, in Appendix II of Coal and litfnite of AlaMka: 
SeventeeDth Ann. Kept. U. S. Geol. Survey. Pt I. p. 902. 
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relations of the Paleozoic rocks east of the Coast Range, and the following is quoted 
from his description : " 

" East and northeast of the Coast Ranges the interior region travei*sed is, for the 
most part, floored by Paleozoic rocks of very varied appearance, and probably refer- 
able to sevei'al of the main subdivisions of the geological scale. In so far as the infor- 
mation obtained in the region here in question enables conclusions on the subject to 
be formed, the lowest part of the rocks (1) consists of greenish and gi'ay schists, 
generally feldspathic or hornblendic, but often quailzose and including distinctly 
micaceous and talcose schists, with some bands of limestone, the lithological charac- 
ter of this subdivision being exceedingly varied. Apparenth'^ overlying these are 
(2) gmy and blackish often lustrous and sometimes more or less. micaceous calc-schists 
and quartzites, including beds of limestone of moderate thickness, which are often 
more or less dolomitic. These are associated with, or pass up into (3) black argillites 
or argillite-schists, also containing thin beds of limestone, which, at one locality on 
the Dease, have afforded a small number of graptolites of Cambro-Silurian age. 
Next above these is a series (4) consisting chiefly of massive limestones, generally of 
gray or blue-gmy color where unaltered, but often locally changed into white or 
variegated crystalline marbles. These are closely associated with quartzites, which 
usually show the peculiar fine-gmined cherty character of those of the typical C&che 
Creek series on the Fraser and Thompson rivei^s. The thickness of this subdivision 
can not (any more than that of those previously mentioned) be stated with precision, 
but that of the limestones alone must be several thousand feet in some placas. On 
the Dease, on the Fmnces, and again on Tagish Lake fossils of Carboniferous age, 
including more particularly a species of FusuUna^ have been detected in some beds 
of this limestone series, probably belonging to its upper portion. Forms of the 
genus FxiHulina are chamctewstic in certain zones of the Carboniferous limestone in 
California. They have been found by the writer in a number of places in British 
Columbia, which, with the discoveries here reported on, occur at intervals along a 
!)elt of country to the northeast of the Coast Ranges for a distance of over 800 miles. 
The limestone last mentioned appears to be conformably followed or even in part 
interbedded with (5) a great mass of more or less evidently stratified rocks of volcanic 
origin, comprising amygdaloids, agglomerates, and other more massive materials, 
which apparently represent old lava-flows. All these are highly altered, so much so 
that in some cases their original physical character is scarcely demonstrable, while 
they have suffered changes also in constitution, having been converted for the most 
part into diabases. 

"Analogy with the southern portions of British Columbia which I have exam- 
ined leads me to believe that the greater part of these volcanic materials are also to 
be classed as of Carboniferous age, but it is quite probable that here, as to the south, 
they comprise as well rocks of similar appearance which are of Triassic age, but 
which we are at present unable to separate from them. This is further rendered 
pro})able by the occurrence in certain black argillites at Ulenora, on the Stikine, of 
Triassic fossils and by the discovery by Mr. McConnell of fossils of this age on the 
Lower Liard River, some distance to the east of the region covered by this report" 

A comparison of this succession with that found on the west side of the range 

suggests certain correlations. The black argillites (8) and heavy limestone (4) seem 

aQeol. Nat. Hist. Survey Canada, new sericfi, Vol. Ill, Pt. 1, 1887-88, pp. 82-^ B. 
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to correspond in a measure with the argillites which underlie the Upper Silurian 
limestones of Glacier Bay. In Dawson's section the heavy limestone member is 
continued through to the Carlioniferous without a stratigraphic break such as is 
found at the base of the recognized Devonian beds in the Ketchikan district. This 
unconformity at the })ase of the Devonian beds has not been established except at 
one locality, and may be of a local chamctt^r. Dawson's highest member of this 
series, which included much volcanic material, has been here provisionally placed in 
the Mesozoic. 

The limestones were first noted by Dr. Dawson'* at the lower end of Tagish Lake, 
where thev were also observed })v the writer and found to be rather coarselv crvs- 
talline and, as a rule, hciivih' bedded. To the southwest of these limest<>nes, and 
apparently underlying them, there are quartz-schists and quartzites of undetermined 
age. Since, however, they seem to be conformable with the white limestone, they 
probably belong in the Upper Paleozoic. The white limestone wa8 tmced by the 
writer toward the southeast nearly as far as the Teslin River, where it has been 
noted by Dr. Hayes. Through all this belt the Paleozoic rocks occur in irregu- 
lar areas, since they are in part buried beneath sediments which overlie them 
unconformably. 

On the Taku River Dr. Hayes* found a section in which there were black slates 
overlain by crystalline limestones succeeded by bluish limestones, the whole rather 
closely folded. No determinable fossils were found in these rocks, but an overlying 
conglomerate, carrying pebbles derived from the limastones, contained comls, about 
which Mr. Schuchert furnishes the following memorandum: 

"The two pebbles collected by C. W. Hayes in 1891 from ' conglomemte, head 
of Taku River,' have a coral, possibly Acet^vuhiria (this is the pebble you first sent); 
another coral, on the order of CyathophyUnm anspitosuin^ associated with a bryo- 
zoan — Fetiestella near F, serratuUi, If these identifications can be depended upon, 
then the conglomerate is more recent than Lower Carboniferous, since the bryozoah 
and associated coral seem to be of Lower Carboniferous age. The first-named coml 
points rather to Middle Devonian." 

While this information is rather indefinite, it goes to show that the Taku beds 
are Upper Paleozoic and belong to the same general horizon as those of the Tagish 
Lake region. In point of fact, Mr. J. C. Gwillim^ and the writer have traced 
these beds through from Tagish Lake nearly to where Dr. Hayes saw them. 

At the Stikine River section Dr. Dawson^ found dark schistose quartzite 
overlain by gray and blue massiv^e limestone, in part crystalline. No fossils were 
observed in place, but near Telegraph Creek a bowlder of limestone was found 
containing Carboniferous fossils. It is evident that these Stikine Riv^er beds are, 
broadly speaking, equivalent to those described farther north. 

nGcol. Nat. Hist. Survey Canada, new Beries, Vol. III. Pt. 1, 1887-88. p: 170 B. 

''Nat. Geog. Mag., Vol. IV, p. 138. This information is in part gained from Dr. Hayes's unpublished notes. 

cGeol. Nat. Hist. Survey Canada, Report for 1901, p. 51. 

dOeol. NaL Hist. Survey Canada, new series. Vol. Ill, Pt. II, 1887-88, pp. r»3-f)8 B. 
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The Unuk is the next river which gives a cross section of this region, but 
unfortunately its geology has not been studied. Prospectoi-s report black slates 
with some limestone beds lying close to the Coast Kange gmnite. 

Along the Skeena River Dawson" found black and gray mica-schist imme- 
diately east of the Coast Range, and then a belt of massive gray limestone which 
in general appearance corresponds to that found to the north. No fossils were 
found in this region, but it seems probable that this limestone is the same that 
has been described in the region to the north. 

These facts go to show that there is a belt of Paleozoic rocks lying east of 
the Coast Range granite, stretching northwestward in British Columbia and Alaska 
close to the international boundary and to the east of it. These rocks include sedi- 
ments of various descriptions, but are predominantly calcareous. Such paleon- 
tologic evidence as has l>een obtained points toward the conclusion that these 
Paleozoic l^ds range from Silurian or older to Carboniferous. They are cut by 
igneous rocks of various descriptions, onh^ a few of which are represented on the 
accompanying geologic map. 

AROILLITES. 

Immediateh^ west of the Coast Range gi-anite a belt of argillites, containing 
some arenaceous beds and intruded }}y many masses of greenstone, has been 
traced northwestward from Dixon Entrance to Lynn Canal. The rocks making 
up this belt are schistose throughout, and the argillites are often highly graphitic. 
They are well developed in the vicinity of Juneau and Taku Inlet, and were also 
observed to outcrop along the lower regions of the Chilkat River and at various 
localities to the south. In the Ketchikan region the^e rocks, which have been called 
the Ketc»hikan schists, occupy' a broad belt upon the western side of Revillagigedo 
Island. The relation of these l)eds to the Paleozoics lying west of them is unde- 
termined, but in the Ketchikan region there has probably been faulting along the 
line of contact. Farther north no opportunity was presented for studying the 
boundar\\ Some limestones which are associated with the argillites are believed to 
be an integral part of the series, though they may be portions of an older series 
exposed by erosion. The only fossils found in these rocks were some crinoid stems 
from George Inlet in the Ketchikan district, which have little determinative value. 

The folding and alteration of the argillite series is probably due to the intrusion 
of the Coast Range granite.* The series has usually been regarded as of Mesozoic 
age, though there is no definite proof of this, except that its geographic distribution 
suggests that it overlies the Upper Paleozoic series, but this may be due to faulting. 
Portions of the series, including the associated greenstone-schists, are often heavily 
mineralized, and often carry commercial gold ores. 

d Kept, on an exploration from Port Simpson on the Pacific Coast to Edmonton on the Saskatchewan, embracing a 
portion of the northern part of British Columbia and the Peace River country, by tieo. M. Dawson: Geol. Nat. Hist. 
Survey Canada, 187&-80, pp. 1-177 B. 

bGeol. Nat. Hist Survey Canada, new series, Vol. Ill, Pt. 1. 1887-88, p. 32 B. 
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ME80Z0IC SEDIMENTS. 

The eastern belt of Paleozoic rocks is overlain unconformably by a sedimentary 
series. This series at its base is usually a conglomerate, and is made up of sandstones, 
arkoses, tuffs, and quartzites. It is typically developed at the upper end of Marsh 
Lake, where it includes many beds of volcanic tuff. At this locality the basal mem- 
ber, as determined by the writer, is a conglomerate whose pebbles are derived from 
the Upper Paleozoic rocks. Mr. Gwillim^ has mapped the region lying between 
Marsh Lake and Atlin Lake, and finds a considerable development of these rocks. 
He is inclined to assign them to the Cretaceous; but Dr. Stanton, in a personal letter, 
says: "I have recently seen a few fi-agmentary fossils collected by Mr. Gwillim in 
the Atlin Lake region, and they seem to be of early Juiussic age." 

In the Taku * section this horizon is represented by conglomerates whose pebbles 
are derived from Upper Paleozoic limestones. In the Stikine River section Dawson*^ 
also found a conglomei*ate series which he provisionally assigned to the Mesozoic. 
Dr. Dawson*' reports some Jurassic fossils from the vicinity of Telegraph Creek. 
On the Skeena River Dawson ^ found Mesozoic fossils associated with gray argillites 
and sandstones containing impure coal. 

The above facts point to the conclusion that the eastern belt of Paleozoic rocks is 
overlain b}^ a clastic series, the basal member of which is a conglomerate usually 
derived from the underlying beds. The age of the series is Mesozoic, and in part at 
least Jurassic. It probably does not occur as a continuous belt, but rather in isolated 
areas. Gwillim-^ reports its thickness as 5,000 feet in the vicinity of Atlin Lake. 

Still farther to the east and beyond the area under discussion Dawson^ found 
fossiliferous Cretaceous beds at many localities on the Lewes and Pelly rivet's. 
These now occur as gently folded beds in isolated areas. 

On the western side of the Coast Range the Mesozoic rocks have nowhere 
been positively identified. At a few localities, however, heavy conglomerates 
were found overlying unconformably what are believed to be Paleozoic beds. 
Such an occurrence was found ajt the southern end of Gravina Island, in the 
Ketchikan district, where the conglomerates are overlain by black schists, and the 
whole series has been called the Gravina series. Mr. Schrader reports a heavy 
conglomerate at Hunter Bay, on the southern end of Prince of Wales Island. 
Conglomerates are also reported by prospectors at Union Bay, on the northern 
side of the Cleveland Peninsula. When the geology of southeastern Alaska is 
studied in greater detail, no doubt other localities of this horizon will be found. 
Broadly considered, this conglomerate is probably equivalent to that found at the 
base of the Mesozoic series on the eastern side of the range. 

a Summary Report of the Geological Survey Department for the year 1900, Ottawa, 1901. 

''Nat. Qeog. Mag., Vol. IV, p. 138. Also from unpublished notes by Dr. Hayes. 

<"(JeoI. Nat. Hist. Survey Canada, 1887-88, p. 57 B. 

rfOp. cit., p. 66. 

«'Geol. Nat. Hist. Survey Canada. 1879-80. p. 102. , 

/Summary Report of the Geological Survey Department for the year 1900. 

aGeol. Nat Hist. Survey Canada, new series, Vol. Ill, Pt. 1, 1887-88, Sec. B. 
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TERTIARY SEDIMENTS. 

On the accompanying map a numter of areas of Tertiary sediments are repre- 
sented. These have been noted by prospectors and others because they sometimes 
carry workable coal beds. They consist of conglomerates, sandstones, and shales, 
usually slightly indurated and only gently folded. They have been studied in some 
detail by Dall,'* who assigned them to the Kenai division of the Oligocene. At 
Lituya Bay the Kenai beds are overlain by Astoria beds (Miocene). 

At Sitka some highly feldspathic sandstones wei^e observed, whose stratigraphic 
position was not determined. These were described by Becker* as pyroclastic dio- 
rites. In thin section the}' show many minerals derived from crystalline rocks. In 
the field they are sometimes massive, but more often thin bedded. Their stratigraphic 
position has not been determined, but they may provisionally be assigned to the 
Tertiary. 

IGNEOUS ROCKS. 

The granite of the Coast Range forms the best-defined belt of igneous rock in the 
region. It extends northward from British Columbia throughout southeastern 
Alaska and crosses the international boundary again northwest of Chilkoot Pass. 
The granite usually contains hornblende and biotite, but has various local phases. 
It is typically massive, but frequently contains shear zones. In places it has been 
altered to a gneiss. The gneissoid phases seem to be more typical in the southern 
part of the belt, in the Ketchikan region, than in the north. Dawson has suggested 
that the gneissoid phases might be of Archean age. 

In the section exposed along White Pass, as determined by the writer, the 
granite is entirely massive except for a few very narrow shear zones. It is 
frequently cut by dikes, usually of a dioritic or diabasic character. Rhyolitic and 
andesitic rocks were also observed in the vicinity of Skagway. The intrusive char- 
acter of the granite has been proved by Dr. Dawson and others, and is well shown 
in the Ketirhikan region along its contact with the argillaceous schist. Here belts of 
granite and schist alternate irregularly. 

East of the Coast Range there are a number of extensive areas of granitic rocks, 
apparently belonging to the same age of intrusion as those of the Coast Range. To 
the west of the mountains smaller granite stocks are not uncommon. 

Greenstones are the most widely distributed of the igneous rocks of the region. 
This term is made to include various igneous rocks of a rather basic character and of 
varied composition. The oldest intrasion seems to have taken place in early Paleo- 
zoic time and was of a diabasic nature. These older greenstones are usually schis- 
tose. Diorites and quartz-diorites are both massive and schistose. Among the less 
common types are gabbros, pyroxenites, and amphibolites. The older gi*eenstones 
are usually much altered and made up chiefly of secondary minerals. In the Ketch- 

aCoal and lignite of Alaska: Seventeenth Ann. Rept. U. S. Geol. Survey, Pt. I, pp. 763-908. 
bGold fieldfl o( southern Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. Ill, p. 43. 
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ikan district the diabases form the latest intrusions. Syenites have been found at a 
number of localities, notably at the Treadwell mine, near Juneau. 

In this connection reference must be made to the effusive rock of the Ketchikan 
district, whore there are large developments of andesitic and rhyolitic roclis, believed 
to be of Mesozoic age. Basalts and rhyolites occur in isolated patches in this dis- 
trict. A few of the larger areas east of the Coast Range are shown on the map. The 
more recent volcanic phenomena, so far as known, are limited to Mount Edgecumbe, 
a volcano on Kruzof Island, just west of Sitka. 

CORRELATION. 

The stratigraphy of the regions lying adjacent to the province under discussion 
is too imperfectly known to enable correlations to be made with confidence. It will 
be of interest, however, to draw attention to certain analogies of stratigraphic suc- 
cession and lithologic character. This is especially true of the field to the south, 
where the Canadian geologists have done some more or less detailed mapping. 

In a previous report ° the writer grouped the Carboniferous and Devonian beds 
of the Upper White and Tanana rivers together under tlTe name Nutzotin series. 
This Nutzotin series would in a measure correspond to the subdivision called Upper 
Paleozoic on the accompanjnng map, but would probably also embrace a part at least 
of the argillites which lie adjacent to the Coast Range. In the report cited the lime- 
stones of Glacier Bay were all put in the Nutzotin, as they were then believed to be 
Carboniferous. In the same report the pre-Devonian sediments were grouped together 
as the Kotlo series, which would include the rocks of the Lower Paleozoic as defined 
in this report. As in southeastern Alaska, the two series are separated by an uncon- 
formity, and there are, broadly speaking, certain lithologic similarities in the rocks 

of the two regions. 

In the Copper River district Schrader and Spencer* have described two forma- 
tions which probably fall in the Upper Paleozoic. These are the Chitistone lime- 
stone, believed to be of Carboniferous age, and the underlying Nikolai greenstone. 
This limestone can be provisionally correlated with the Upper Paleozoic beds of 
. southeastern Alaska. The subdivision made by Schrader and Spencer of the beds 
below this limestone finds but little analogy in the older sediments of the region under 

discussion. 

The comparison of the Mesozoic beds of the Copper River region and of south- 
eastern Alaska allows of certain tentative correlations. The Kennicott formation, 
occurring in the Chopper River region, is generally of a sandy nature. It rests uncon- 
formably upon the upturned Paleozoic and Triassic strata, and contains fossils which 
prove its age to be Jura-Cretaceous, so that there are both paleontologic and structural 
grounds for correlating it with the recognized Mesozoic formations of southeastern 
Alaska. As regards the Lower Mesozoic rocks, the Triassic is well developed in the 

a A reconnaissance from Pyramid Harbor to Eagle City: Twenty-first Ann. Rept. U. S. Geol. Survey, Pt. II, p. 359. 
fcGeology and mineral resources of the C'opper Klver district, Alaj<ka; a royal octavo pamphlet published by the 
United States Qeological Survey in 1901 by authority of a joint resolution of Congress. 
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Copper River district, while in the southern region it has not been differentiated, 
although strata of this age may be, and probably are, included in the rocks which 
have been grouped either with the Upper Paleozoic Vallenar series or with the 
Ketchikan series, to which no age has been assigned. 

The Tertiary sediments of southeastern Alaska are chiefly equivalent to the Kenai 
series, which has been identified in manv localities in Alaska. 

Dawson's last investigation ** on the geology of this northern region is embodied 
in a report on the Kamloops district in southern British Columbia. This work was 
done in much more detail than any which preceded,* and resulted in a definite deter- 
mination of the stratigraphic succession of all the formations involved. 

The Kamloops region is too distant from the province under discussion to make 
correlations possible at present, but it is interesting to note that the Cambrian period 
is represented by beds aggregating a thickness of 40,000 feet. It seems probable that 
some of the Lower Paleozoic beds of southeastern Alaska may eventually be found to 
be of Cambrian age. The absence of Silurian and Devonian in the Kamloops region 
is noteworthy in compaiiion with the southeastern Alaskan section. Dawson finds 
definite evidence of the existence of pre-Cambrian rocks in this southern district. 

In describing the geology of the Queen Charlotte Islands, Dawson ^- groups the 
Triassic and Carboniferous beds together, and states that these are unconformably 
overlain by Cretaceous rocks. After the close of the Triassic, folding took place, 
and it was probably during this general period that the great gmnitic intrusions 
occurred. From the descriptions of Dawson these Triassic and Carl)oniferous rocks 
are believed to show a striking analogy to the metamorphic argillites which lie 
adjacent to the Coast Range granites in southeastern Alaska. Dawson finds a large 
amount of volcanic material in the southern part of Vancouver Island in a series of 
rocks which he believes to belong to the Carboniferous. These volcanic effusives 
seem to have the same stratigraphic position as the Kasaan greenstones of south- 
eastern Alaska, which have been provisionally assigned to the Mesozoic and probably 
belong to its lower portion. 

The Mesozoic sedimentary rm^ks in the province under discussion would seem to 
correspond to the Cretaceous of the Queen Charlotte Islands, both in stratigraphic 
position and in lithologic chamcter. Dawson notes a period of folding which suc- 
ceeded the deposition of the Cretaceous. The Tertiary rocks descrilmd by him are 
chiefly volcanic, and are provisionally assigned to the Miocene. 

On the Lower Skeena River and in the vicinity of Port Simpson Dawson found 
a metamorphic series made up of mica-schists and some limestones closely associated 
with gneisses. Thase would seem to be the southern extension of the Kett^hikan 

a Report on the area of the KamloopH map sheet, British Oohimbia: Geol. Nat. Hint. Survey Canada, new neries. Vol. 
VH, 1894. 

b Dawson summariKed the results of his twcnty-Hve years) of investigation of northwestern America in a piesldential 
address to the Geological Society of America, entitled, Geological record of the Rocky Mountain region tn Canada. 
Bull. Geol. Soc. Am., Vol. XII. 1901, pp. 57-92. 

Report on the Queen Charlotte Islands: Geol. Nat. Uist. Survey Canada, 18H0, p. 45 B. 
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series, which is part of the belt of argillites that lies adjacent to the granite of the 
Coast Range throughout southeastern Alaska. 

DYNAMIC HISTORY. 

The history of the deformation of the rocks of the region is complex, and has 
not yet been worked out. In the western belt of Lower Paleozoic beds the strata are 
intensely metamorphosed and deformed. To the east, in the Upf)er Paleozoic beds, 
there has been little dynamic action, while still farther to the east, in the belt of 
argillites, the metamorphic action has again been intense. To the east of the Coast 
Range the Paleozoic rocks have all suffered about the same degree of alteration, with 
the exception of those which lie immediately adjacent to the intrusive granites. It 
is evident that the observed metamorphism has been of two kinds, assignable to dif- 
ferent causes — the regional metamorphism, which is due to deformation, and the 
contact metamorphism, which has been brought about by the intrusion of igneous 
rocks. 

The phenomena of contact metamorphism are commonly regarded as confined to 
chemical effects produced by the heat and accompanying gases of igneous intrusions, 
but many cases are on record where the mechahical effect caused by the pressure of 
the invading rock has been of great importance. Such is the case in the vicinity 
of the granite masses of the Coast Range, where the mechanical alteration of the 
rocks is quite comparable to the regional metamoiphism noted in neighboring 
localities; and, since the intrusion occurred after the greatest regional disturbance, 
the effects of the latter have been to a certain extent obscured by the former. 

There are three zones in the region which are marked by more or less intense 
metamorphism. One includes the rocks of the Lower Paleozoic, extending through 
the western group of the Alexander Archipelago, while the other two lie on either 
side and adjacent to the granite of the Coast Range. The two westernmost of these 
zones, in the southern part of the region at least, are separated by a belt of Upper 
Paleozoic beds, which are folded, but only slightly indurated, while the Coast Range 
granite separates the two eastern zones. 

In the western belt the sediments are intensely folded and plicated and are gen- 
erally metamorphosed to such an extent that the limestones appear in the form of 
marble and the argillaceous strata as phyllites. The broad structural lines are in 
general parallel to the axis of the belt — that is, northwest and southeast — but the 
axes of minor folds are extremely variable in direction. 

The period of mountain building during which these rocks were crushed and 
metamorphosed is the earliest of which we hav^e any tangible record in southeastern 
Alaska, and in the Ketchikan district its date can be definitely recognized as pre- 
Devonian. It was during this epoch that the injection of the igneous rocks included 
under the designation "greenstone" commenced, though later intrusions of similar 
basic rocks are known to have occurred, as shown by the relatively massive character 
of certain of the greenstones when compared with others which are highly sheared. 
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In the southern part of the province it will be shown that Paleozoic sedimenta- 
tion was interrupted by mountain building, and also that a period of erosion ensued, 
probably in early Devonian times. The Devonian beds are much less altered than 
those of the Lower Paleozoic, and the folding which they exhibit is of a broad, open 
type. Tracing these Devonian beds eastward, they are found to become metamor- 
phosed as the zone of the Coast Range intrusives is approached. 

The alteration observed in the two eastern zones adjacent to the intrusive granite 
belt of the Coast Range may be a.ssigned, in part at least, to contact metamoi-phism. 
On the west side of the range most of the rocks arc greatly altered argillites, and 
to the east of the range there is a succession of scdimcMits whose basal members are 
also considerably altered. This metamorphism is in part plainly due to igneous con- 
tact, but must in part be assigned to the mechanical stress brought about by the 
intrusion of the granite. The intrusion of thci granite has been shown to be Mesozoic, 
and probably post-Triassic. The evidence of contact metamorphism is. the presence 
of minerals such as garnet and micas, which are developed in a limited contact zone. 
Mechanical metamorphism evinces itself in the development of shear zones, and of 
foliation as the granite mass is approached. 

During Mesozoic times, and after the injection of the granite, large extrusions 
of volcanic rocks took place. These rocks, as well as the granite, were subsequently 
somewhat subjected to deformation, which was most intense along the axis of the 
Coast Range, where the granites were in part changed to gneisses and mica-schists. 
Subsequently another intrusion of igneous rock took place, which, though widely 
distributed, was not great in bulk. This epoch is represented by the large number 
of dikes, usually (juite massive, which are found in different parts of the region. 
Deformational movements since Kenai time have been only of minor importance, as 
shown by the very gentle folding found in the Tertiary beds. So far as known, there 
is absolutely no evidence of a southern extension of the [wst-Tej-tiary disturbance 
which Russell* noted in the Mount St. Elias region. The most recent evidences of 
dynamic activity are the volcanic rocks of Mount FMgecumbe and some basalt flows 
which have been found in various parts of the region. 

One of the effects of crustal movements has been the production of lines of weak- 
ncvss in the rocks, which have been soughtout by erosive agencies. These structural 
lines, which are represented by joint planes, fissures, sheiir zones, and foliation, have 
affected not only the })edded, but also the massive rocks. They may be grouped into 
two systems, one of which trends nearly noilh and south, while the other runs north - 
wcvst and southeast. Both of these s3\stems find expression in the position of the 
channels and inlets of this coastal belt. (Compare map, PI. I.) 

SUMMARY. 

In the province under discussion Paleozoic termnes mnging from Silurian or 
older to the CarlKJiiiferous have an extensive development. Large masses of green- 

aNat. Qeog. Mag., Vol. Ill, 1891-92, p. 167. 
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. tones are intruded in the lowest members of the Paleozoic series. In part of the 
region, at least, a stratigraphic break is known to occur somewhere in the Devo- 
nian. A series of argillites occurs which seems to belong to the Upper Paleozoic 
horizons, but its stratigraphic position was not determined. The Mesozoic is 
represented in one part of the region by sedimentary strata, whose basal member 
is a conglomerate, overlying the Paleozoic rocks unconformably, and in another 
part by large extrusions of volcanic rocks. There were injections of granite in 
large masses along the Coast Range axis, probably during Middle or Later Mesozoic 
times, and in smaller masses elsewhere in the region. The Tertiary is represented 
by lignite-bearing sediments of Oligocenc age, which are only slightly disturbed or 
indui*ated. Some volcanic rocks have been extruded in post-Tertiary times. 
Besides these, dikes of various rock types are present in all the pre-Tertiary beds. 

The earliest epoch of intense disturbance was in pre-Devonian time, and was 
accompanied by large intrusions of basic igneous rocks. The next period of 
metamorphism was probably in Middle Mesozoic time, when the intrusion of the 
granite of the Coast Range took place. The alteration of the sediments adjacent 
to the mass of granular igneous rock is assigned jointly to contact metamorphism 
and to the mechanical effect of injections. The granite itself shows the effect of 
deformation, having been locally changed to gneiss and mica-schist. No evidence 
has been found of any post-Tertiary disturbances commensurate with these ancient 
revolutions. 

GLACIAL PHENOMENA. 
INTRODUCTION. 

Southeastern Alaska is par excellence the region of the world in which to 
study glaciers, and in the Territory more attention has been given to this branch 
of geology than to all others. There is a large literature which, directly or 
indirectly, bears on Alaskan glaciers, but many of the investigations have been 
rather superficial, and the descriptions have often been scenic i-ather than technical 
and accurate. There have been, however, a number of earnest worker's who have 
made detailed studies and investigations. John Muir was the first to call attention 
to the magnificent scenery of what is now the nmch-tmveled Alaskan tourist 
route.^ In 1879 he, in company with the Rev. S. Hall Young, discovered and 
explored Glacier Bay. Muir subsequently spent several summers in this region, 
and has written very delightful accounts of it. The Rev. G. Frederick Wright* 
was among the early students of the glaciers of the region, and there have 
been many others. The more technical studies have been made by Russell,^ Reid,'' 
Gilbert,* and others. 

a The discovery of Glacier Bay: The Century Magazine. June, 1896. 

ft The Ice Age in North America, 1889, Chapter III. 

<? Expedition to Mount St. Ellas: Nat. Oeog. Mag., Vol. Ill, 1891-92; Second expedition to Mount St. Elias: Thirteenth 
Ann Kept. U. 8. Geol. Survey, Pt II, 1893. pp. 1-91. 

rf Studies oi the Mcdr Glacier: Nat. Geog. Mag., Vol. IV. 1892-93; Glacier Bay and its glaciers: Sixteenth Ann. Kept 
U. 8. Geol. Survey, Pt I, 1896, pp. 421-461. 

« Gilbert's results have not yet been published; they are to appear in a forthcoming volume of the Harriman 
expedition. 
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Of the regional glac^iation of southeastern Alaska not many details are known, 
and the lack of topographic data makes it a problem difficult of treatment. It has 
been discussed by Hayes," Tyrrell,* and more especially by Dawson.^ In the present 
sketch the writer will not attempt to summarize the literature, but will only present 
a few generalizations. 

EXISTING GLACIERS. 

The existing glaciers of Alaska are particularly limited to the westernmost 
of the four geographic province.s — the Pacific Mountain system — and the largest 
development of glacial ice is found on the sciiward sloi^e of the St. Elias and 
Coast ranges. 

The average altitude of the St. VAitks Kange probably exceeds 10,(XH) feet. On 
the Pacific side the limit of perpetual snow on this great mountain mass is at an 
altitude of about 2,000 feet, and it is probably something over 6,500 feet on the 
inland slope. The interior of the range has never been explored, but is known to 
include vast snow fields, which Russell viewed from Mount St. Elias and described as 
'Mimitless in expanse." A similar description applies to the northern part of the 
rnnge, which the writer viewed from a point on its inland margin almost due north 
from Mount St. Elias. 

Thase large n^v^ fields give rise to many glaciers, which discharge on both sides 
of the range. The glaciers on the inland slope of the range are comparatively 
insignificant compared with those on the Pacific slope. The large^st ice fields of 
Alaska are to be found along the coast between Cross Sound and the Copper 
River delta, and they are, in fact, among the largest in the world. The develop- 
ment of glacial ice in this coastal belt is only equaled by that of Greenland. The 
larger glaciers, which are of the piedmont type, spread out on emerging from 
the mountain valleys and form those large seas of ice which are such characteristic 
features of this coast line. The Malaspina Glacier, which is west of Yakutat Bay, 
presents a front of over 40 miles and is a good example of this type. Besides 
these piedmont glaciers there are also many of the alpine type, which do not reach 
the coastal plain. Those of the inland slope of the St. Elias Range are of the 
alpine type and seldom even reach the floors of the larger valleys. 

In the Coast Range glacial ice is developed to a much less extent than in the St. 
Elias Range. The altitude of the range is not so great and the snow fields are much 
smaller. The precipitation from the moisture-bearing winds of the Pacific is much 
more largely in the form of rain than of snow. This is in part owing to climatic 
variations due to difference in latitude. To the northward the line of perpetual 
snow rises rapidly, so that near Dixon Entrance it stands between 5,000 and 6,000 

a An expedition through the Yukon district: Nat Geog. Mag., Vol. IV, pp. 117-162. 

^Glacial phenomena in the Yulcon district: Bull. Geol. Soc. Am., Vol. X, pp. 19^-198. 

cOn the late physiographical geology of the Rocky Mountain region in Canada, with special reference to the change 
in elevation and the history of the Glacial period: Trans. Roy. Soc. Canada, Vol. VIII, 1890, sect. 4. Report on the explora- 
tion in the Yukon district, N. W. T., and adjacent portions of Britibh Columbia: Geol. Nat. Hist. Survey Canada, new series. 
Vol. m, Pt. II, 1887-88, pp. 1-277 B. 
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feet on the seaward side of the Coast Range. The mountainous basin of the 
Alexander Archipelago, which intervenes between the mainland and the open ocean, 
probably also has an important effect on the precipitation in the Coast Range. 

The glaciers of the Coast Range are of the alpine type, and are almost all on the 
seaward slope. Lynn Canal receives several glaciers from the Coast Range, but 
none of them reach tide water. Taku Inlet and Stikine River receive a number of 
glaciers of considerable size, which have been described by Dawson and others. 
The coast line between the Stikine and the Taku has many indentations, and large 
glaiaers are tributary to the heads of a number of these. South of the Stikine the 
glaciers are much smaller. Several are said to drain into the head of Portland 
Canal. No glaciers exist on the islands of southeastern Alaska. The glaciers of 
Alaska, as far as known, are all retreating. In the Glacier Bay region this fact has 

« 

been definitely established by actual measurements made by Professor Reid. 

Near the southeastern end of the St. Elias Range is a large nev^ which is the 
source of glaciers that radiate in three directions. Of these the glaciers of Glacier 
Bay are best known, since they are on the well-known tourist route of southeastern 
Alaska. The Davidson Glacier, emptying into Lynn Canal, has its source in this 
snow field, as have also a number of smaller glaciers which discharge into the 
southern tributaries of the Chilkat River. 

FORMER GLACIATION. 

The investigations of the past season contributed but very little to the glacial 
history of the region. It is worth while, however, to record such observations as 
were made, so that they may be available to those who study the region in future. 
Evidence of glacial action was found at low altitudes in nearly ever}" imrt of the 
Ketchikan mining region, where the more detailed work was done. This evidence 
was chiefly in the character of the valleys, the distribution of glacial bowlders, and 
in a few instances glacial striations. At only a few localities was any morainic 
material observed, and this only in very limited quantities. 

The valley floors and the walls of the fiords near sea level usually show evidence 
of glaciation, but in only a few cases was evidence obtainable in regard to the 
mountains. Near the western end of Moira Sound, on Prince of Wales Island, 
evidence of glacial action was found at an altitude of 2,200 feet. Near Niblack 
Anchorage, on the other hand, the t<3pography suggested at least that the upward 
limit of glacial atrtion had not been higher than 2,000 feet. In general, however, it 
can be said that the mountains of the southern part of the Alexander Archipelago 
have the appearance of having suffered glaciation up to a height of at least 2,000 
feet. In the northern part of the area under discussion only a few random observa- 
tions were made bearing on glaciation. Glacial bowlders are found at Juneau at an 
altitude of 3,200 feet, and there is also a moraine at the mouth of Gold Creek, on 
which the town of Juneau is in part located. On the Chilkat River, which is tribu- 
9210— No. 1—02 3 
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tar}' to Lynn Canal, terraces were obseiTed at an altitude of about 1,0<)U feet. 
On the Klehini River, a southerly fork of the Chilkat, similar terrai*,es were noted it 
an altitude of 1,4CH) feet. These terraces usually slope toward the axes of the valley. 
Their material, as far Jis determined, is sand and gravel, with some silt and (KTasional 
bowlders. It seems probable that these terraces were built along the valley walls 
when the valley was occupied by glacier ic«. Evidence of glacial aetion has l>een 
noted by a number of observers along Lynn Canal, Taku Inlet, and the Stikine River. 

Among the noteworthy toix)gi'aphic features observed in this region are the rock- 
cut basins occupied by lakes, which are of not uncommon oi*currence, especially in 
the Ketchikan region. On the east side of Niblack Anchorage, on Prince of Wales 
Island, is a lake about a mile long and a quarter of a mile broad, which is entirely 
surrounded by a rock rim. Soundings showed that the l>ottom of the lake is about 
200 feet below sea level, while its surface is now al)out 100 feet al>ove tide water. 
Lakes similarly located were seen at other places, but were not sounded. It seems 
probable, however, that the bottoms of these rock basins frequently reach below sea 
level. An examination of the Coast Survev charts of the region shows similar 
depressions in the flooi*s of some of the inlets. There seems to l>e no other explana- 
tion for these basins than that they have been excavated by glacial scouring. 

In general it c«.n be stated that all of the valleys and lowlands of southeastern 
Alaska, including the islands of the Alexander Archipelago, show glaciation. 
Whether the ice sheet which produced this glaciation overrode the higher mountains 
of the archipelago or simply occupied the valleys has not been determined, for no 
definite evidence was found to show that the entire region has been occupied by ice. 

Dawson'' described the glaciation of the northern Cordilleran region at some 
length. He has shown that the locus of ice accumulation was in northern British 
Columbia, and that from that center the ice flowed in everv direction. Since Daw- 
son made his observations the northern limit of this ice sheet has been more accu- 
rately determined by diflferent observers, but, on the whole, there has been but little 
added to the genei*al knowledge of this glacial e|X)ch. 

The following quotation has a bearing on the glaciation of southeastern Alaska:* 

*'A ceilain proportion of the ice, however, during the maxinmm phase of this 
great glacier flowed through passes in the Coast Ranges, and uniting there with ice 
derived from the western slopes of these ranges, filled the great valley between 
Vancouver Islund and the mainland, impinged upon the shore^of the Queen Charlotte 
Islands, and still farther north reached the ocean across the coast archipelago of the 
southeastern coast strip of Alaska." 

Dawson, therefore, regarded the ice sheet of the coastal belt of southeastern 
Alaska and British Columbia as being the result of the accunmlation of ice and snow 
on the western slope of the Coast Range. This was distinct from the ice sheet of 
the interior, but was connected with it by glaciers which occupied the valleys and 
rivers that break the C/Oast Range. 



"Trans, Roy. Soo. CHimda, Vol. VIII, 1890, sec. 4. fcpawson, op. cit, p. '27. 
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Gilbert, <* who is familiar with this region, is inclined to assign the present 
coastal topography of southern Alaska to glacial action mther than to depression. 
He has adduced some evidence which goes to show that since, the glaciation there has 
been no depression in the region. On this point the writer has no evidence to offer. 
He is, however, very strongly impressed with the fact that ice action has played a 
very important part in producing the present topographic forms of this part of 
Alaska. 

TIIR KETCHIKAN MINING DISTRICT. 

GENERAL DESCRIPTION. 

The Ketchikan mining district embraces an area of about 7,200 square miles in 
southeastern Alaska, and is the southernmost of the several recording districts into 
which southeastern Alaska has been divided. The district (see map, PI. 11) includes 
Prince of Wales, Revillagigedo, and many smaller islands, as well as a part of the 
mainland. It lies between latitudes 54^ 40' and 66^ 20' and longitudes 129^ 60' and 
134°. The international boundary marks its southern and eastern limits. The 
northern boundary of the district follows Sumner Strait, Clarence Strait, Ernest 
Sound, the Eastern Passage, and Bradfield Canal to its head, from which latter point it 
runs due east to the international boundary. To the west the district is bounded by 
the Pacific Ocean, and includes all of the small islands lying adjacent to Prince of 
Wales Island. A little less than a third of the area of the district is mainland, the 
rest being included in the islands. Prince of Wales Island is the largest of the 
islands, and Revillagigedo Island is second in size. The following table shows the 
approximate areas : 

Approximate areas of principal Islands of Ketchikan district. 

Square miles. 
Princ^e of Wales Island 2, 800 

Revillagigedo Island 1 , 043 

Dalllsland 200 

Annette Island 142 

Gravina Island 100 

Kosciusko Island 100 

Duke Island 60 

Bell Island 19 

Ilassler Island 12 

Betton Island 8 

From a topographic standpoint the Ketchikan district falls naturally into two 
subdivisions, one lying east and one west of Clarence Strait. The easterly portion 
embraces Gravina, Annette, Duke, and Revillagigedo islands and the adjacent por- 
tions of the mainland. The westerly portion includes Prince of Wales and the 
smaller adjacent islands. 

aGilbert'n results have not yet been publiahed, but were briefly summarized in a paper read before the Geolo|[ical 
Society of Washington, March 27,1899. 
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The easterly part of the district falls within the Coast Range province. This 
part of the Coast Range consists of a rather rugged mountain mass having no well- 
detined crest line. The highest peaks reach altitudes of 5,000 to 6JMX> feet. Among 
the higher mountains glaciers are not uncommon, but they are insignilic*ant in size 
compared with those in the northern part of the range. 

Prince of Wales Island is 140 miles in length and has an extreme width of aliout 
44) miles. With its contiguous islands on the west it forms a distinct group, which 
has a rectangular outline and is separated from the islands and mainland to the east 
bv Clarence Strait. The coast line of Prince of Wales Island is broken bv manv 
deep embayments which run far inland. At a number of loi'alities such emba\'ments 
approach each other from opposite sides of the island and reduce its width to but a 
few miles. At many places broad valleys with very low divides connect these oppos- 
ing fiords. A depression of a few hundred feet would flood these divides and resolve 
Prince of Wales Island into an archipelago. The relief on the island varies from 
1,500 to 3,600 feet. The shore line is generally abrupt and the mountains have very 
steep slopes. The larger valleys have the U-shaped cross sections typical of glaciated 
regions. In the valle\' bottoms the streams have incised post-Glacial gorges. Ijakes 
occupying rock-lx)und Ijasins, which have Ijeen scooped out by glacial action, are 
found throughout the district. Of the drainage but few details are known, as the 
interior of the island is entirely unmapped. Genemlly speaking, the streams have 
east-west courses. The drainage system seems to be very irregular, the watershed 
l>eing in some places near the eastern, in others near the western coast of the island. 
The mountains^ the highest of which reach altitudes of about 3,5<X> feet, form no 
well-defined ranges, but, broadly s|x»aking, have a northwest-southeast linear arninge- 
ment. The islands on the west side of Prince of Wales were not visited bv the writer 
and but little information was obtained in regard to them. Their relief is probabl}' 
less than that of Prince of Wales. 

The easterly province, in its relief and general toix>graphic chai*a<.*ter, i-an 
not properly lx» separated from the Coast Range. Minor ranges extend in a 
northwest-southeast direction through Gravina, Annette, and Duke Islands. The 
mountains of Revillagigedo Island and the mainland in general {mrallel the coast, 
and also the dominant structural lines. They are divided into many minor groups, 
within which there is no systematic arrangement or correspondence to roi*k 
structure. On these islands and on the Cleveland Peninsula to the north the 
drainage follows northerly and southerly courses, pai*allel to the trend of the 
mountains. On the mainland to the east the princiiml water courses lie trans- 
verse to the axes of the ranges as a whole. The chief rivers empty into the 
heads of the fiords, whose directions are the continuation of their approximately 
northeast-southwest courses. The Unuk River is the largest of these transveiNc 
streams. Only a |>art of its course has been map{)ed, but its source must lie 
near the eastern lunit of the Coast Range or within the Plateau region beyond. 
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In its upper course it is said to occupy a narrow, rock-floored valley, but alK)ut 
20 miles from the coast it broadens out, and is floored with gravel to its mouth 
at the head of lUirroughs Bay. Twenty miles south of Burroughs Bay the Chicka- 
min River enters Behm Canal from the east. It has a broad delta at its mouth, 
and for some miles up a wide, gravel-floored valley. Its source lies within the 
Coast Range among high mountains which give rise to a number of glaciers. 
The other mainland streams of the Ketchikan district are compamtively small 
and rise within the (Joast Range. The largest are those which are tributary to 
the head of Portland Canal. 

HISTORY. 

During the Russian occupation of Alaska, then known as Russian America, little 
or no attempt was made to investigate its mineral resources. A little coal mining 
was done on Cook Inlet, but, while it seems certain that the Russians had knowledge 
at least of the existence of the deposits of chalcopyrite ore, which fomi extensive 
outcrops along the beach on the north shore of Kasaan Bay, the development of this 
and other metalliferous deposits was consistently avoided. 

Gold is said to have been discovered on the Stikine River in 1861, but it was 
not until after the tmnsfer of ^^^"^^^ ^^ ^^e United States that any attempts were 
made at placer mining. In 1865 the Russians sent an expedition to the Stikine 
River for the purpose of establishing the boundary between the Russian and English 
possessions. Prof. W. P. Blake accompanied this expedition as a volunteer, and 
made notes on the geolog}' of the region, which were subsequently published as a 
Congressional document,^ and .which constitute the first authoritative information 
in regard to the mineral resources of southeastern Alaska. Blake noted the pres- 
ence of placer gold on the Stikine River. The workable deposits were chiefly cm 
the Canadian side of the international boundarv. 

During the early seventies many miners went to the newly discovered Cassiar 
gold district of British Columbia, and at that time a little prospecting was done in 
southeastern Alaska. The main route of travel to the Cassiar diggings was via 
Wrangell and the Stikine River. About the same time gold was repoited from 
the Unuk River, but there was no systematic attempt to develop the field. 

It is said that a party of prospectors, attmcted by the reports of the Russian 
traders concerning the occurrence of copper on Kasaan Bay, visited Prince of Wales 
Island during the years 1870 to 1874 and discovered valuable deposits of copper. 

The comparative isolation of the district, and the fact that such enormous quan- 
tities of native copper had been found in the Lake Superior region, are probably the 
reasons that these sulphide deposits of Prince of Wales Island attracted but little 
attention. Moreover, the gold deposits of the northern part of southeastern Alaska 
attracted most of the prospectors. Gold-bearing quartz veins had been discovered 

o Rqioae Ex. Doc. No. 177. Pt 2. Fortieth CongreM. second Msglon. 
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near Sitka in 1873,^ and systematic development was be^^Tun in 1877. This was fol- 
lowed in 1880 by the discovery of the gold placers and gold-bearing quartz veins near 
Juneau. 

During the succeeding years, while the mines near Juneau were l>eing opened 
up, the Ketchikan district was entirely neglected. It was reported that valuable ore 
deposits existed on Prince of Wales Island, but prospectors seem to have regarded 
the rumors as not sufficiently definite to warrant any attempt at verification. In his 
Tenth Census report Petrof * mentions a mine which had been opened on Prince 
of Wales Island but which had subsequently closed down. Though he does not 
give the location of the mine, it is probable that he i-efers to alx)rtive attempts at 
the development of the copper deposits on the north side of Kasaan Bay, near the 
present location of the Copper Queen. Miner W. Bruce, in his report to the Elev- 
enth Census, states that ''surface indications-' on Prince of Wales Island indicate 
that it contains important mineral resources. The following is quoted from his 
statement:** 

''The indications on the surface are that Prince of Wales Island contains much 
mineml. Gold, both free milling and in sulphurets, silver, galena, copper, and iron 
have been found in many places, but as yet no extensive efforts have been made to 
demonstrate whether any of the ores mentioned exist in paying quantities. If min- 
erals exist in other portions of the district, the vCTy limited prospecting done has 
failed to show it. Annette Island may l)e an exception, and also Dall Island. Some 
of the finest specimens of gold-bearing ore I have seen in my journey are said to 
have been taken from Dall Island." 

Whatever may have been Mr. Bruce's authority for making the above statement, 
it is certain that at the time of his visit but little prospecting had been done on 
Prince of Wales Island. 

It was the men who were engaged in salmon fishing who were next to interest 
themselves in the presence of ore bodies in the Ketchikan region. These men, whose 
vocation of hunting and fishing led them to explore the coast line of the region, had 
their attention c*alled to the numerous qua]*tz veins, and the more intelligent and 
energetic among them were led to do a little prospecting. They met with favorable 
results and were encouraged to continue. Prominent among them in 1892 was 
James Bowden, who discovered what he believed to be workable gold deposits on the 
eastern side of Annette Island. In 1897 discoveries were made on Gravina Island 
and near Boca de Quadra.*' In the succeeding year a numl)er of important loca- 
tions were made, notably the Gold Standard property on Cleveland Peninsula, and 
some of the copper prospects at the northern end of Gravina Island.* 

During the Klondike excitement of 1897-98, Wrangell became an important 
transshipment point, as, during the Cassiar rush many years before, the Stikine 

a Population and Renourcefl of Alaska, Eleventh Censwi of the United States, 1890. pp. 229, 230. 

6 Population, Industries, and Resources of Alaska, by Ivan Petrof. Tenth Census of the United States, 1884, p. 77. 

<* Population and Resources of Alaska, Eleventh Census of the United States, 1890, p. 39. 

d Report of the Governor of the District of Alaska, 1897, j>. 31. 
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River was used as one of the routes into the interior. Some of these prospectors 
found their way into the Ketchikan district. A party of these disappointed 
argonauts which landed in »Fohnson Inlet, on Prince of Wales Island, learned of the 
discover}' of gold in the vicinity through Paul Johnson, an Indian boy. The mem- 
bers of this party made many locations, and l)egan some preliminary developments. 

During this period exploitation was going on actively at Helm Bay and on the 
Sea Level property near the head of Thorne Arm. Also some preliminary work 
was being done at several localities on Tongass Narrows, and at Seal Bay and Dall 
Head, both at the southern end of Gravina Island. In 18J)8 prospecting was l)egun 
at (Jopper Mountain, on Hetta Inlet, Mount Andrew and Copper Queen, on Kasaan 
Ba3% and in the following year discoveries were made at Hollis, Niblack Anchomge, 
and on Skowl Arm. The last two years have seen great activity in the Ketchikan 
district, and probably several hundred claims have been staked. At a number of 
localities systematic mining has been undertaken. More detailed descriptions will be 
found in the succeeding section of this report. 

The mineml products of the district which have thus far been marketed are 
gold, silver, and copper. In spite of the fact that hardly a single mine can be said to 
have yet reached a shipping basis, the district to the end of 1901 produced probably 
over $l(K),0O0 in gold and upward of $20,000 worth of copper. 

The town of Ketchikan, which is the general distributing point for the district, 
is located on the west side of lievillagigedo Island and on the east side of Tongass 
Narrows. With a population of ()0f) to 700, and ample stores and hotels, it make.s a 
good outfitting point for those who wish to examine the district. It can be reacheil 
by sti*amer from Puget Sound ports in two or three days. As Ketchikan is the port 
of entry for southeastern Alaska, all the steamers, both from Puget Sound and from 
Canadian ports, have to make landing. It has therefore excellent ste4iml)oat 
conne(^tions and ample wharf facilities. A small but comfortable steamer makes 
regular trips from Ketchikan to the various mining camps on the east side of Prince 
of Wale^s Island. There are also a number of small launches and sloops at Ket<^hikan 
which can l)e chartered for cruising among the islands. 

The prices of provisions and suppliers are not much in advance of those of Seattle. 
In 1901 freight rates were c|uoted to the writer as follows: From Seattle to 
Ketchikan, $8 a ton; from Ketchikan to |)oints on Prince of Wales Island, 5j>3 per 
ton. Coal retails at Ketchikan for $11 a ton. Lumber varies in price, but for small 
lots sells for al)out $15 or $16 per thousand. Wages in 1901 were $2.50 to $3 per 
day and board, but experienced miners were very difficult to find. 

Up to the time when the mining excitement began salmon canning was the chief 
industry of the region. Canneries are located at Ketchikan, I^oring, Metlakatla, 
and at a number of points on the west side of Prince of Wales Island. There are 
also many salteries within the district, where the salmon are salted instead of canned. 
The canneries and salteries are usually in operation from about the middle of June 
until the 1st of October. 
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GEOLOGY. 
INTRODUCTION. 

The greater part of the two months which were devoted to the study of the 
Ketchikan district was given to an examination of the ore deposits, and the mapping 
of the geology was necessarily made incidental to the economic work. For this 
reason, and because there are no topographic maps of the I'egion, the distribution of 
the formations can be represented only in the most general way. The genei*al geologic 
observations which have been made are in many cases not sufficient to warrant more 
than tentative conclusions, but it is believed that the descriptions and the general 
succession of formations as here presented will not be materially modified when the 
region is studied in detail, though the formations will undoubtedly^ be more minutely 
subdivided and many structural features will be found which were entirely overlooked 
in the work of last season. 

The oldest rocks of the district are crystalline limestones and phyllites, which 
occupy a large area on Prince of Wales Island and have been called the Wales series. 
They are believed to be of Silurian or pre-Silurian age. 

Succeeding these is a series of bluish limestones, calcareous s*?hi8ts, and black 
slates, which was found along the western part of (Iravina Island. It has been 
named the Vallenar series, from its typical ex|X)suros on the bay of the same name. 
Fossil evidence goes to show that this series is, at jxirt at least, of Middle Devonian 
age. 

The name Ketchikan series has been applied to a succession of argillites with some 
limestones and arenaceous l>eds which are found along the eastern margin of Gravina 
Island and along the western margin of Kevillagigedo Island. These rocks are l>elieved 
to l)e in part Paleozoic and in jmrt Mesozoic. 

On the southern end of Gmvina Island massive conglomerate's were found uncon- 
formably overlying the Vallenar rocks. These have l)een termed the Gravina series, 
and are provisionally assigned to the Mesozoic. At Coal Bay, an arm of Kasaan 
Bay, some lignite-bearing beds ocrcur, which are believed to be Tertiary. 

Igneous roc*ks have a wide distri>>ution in the region, granite being among the 
most almndant. The eastern pait of the district is occupied by a broad, batholitic 
belt of granite, which is the principal constituent formation of the adjacent portion 
of the Coast Range. This is found cutting the Ketchikan series. At various other 
localities granite stocks were found. Pegmatite is not uncommon in dikes, and 
syenite was found at one locality. Diorites are widely distributed as stocks, dikes, 
and sills, (labbros and amphiboles also oi^cur among the intrusives. Greenstone- 
schists are widely distributed and are found associated with all the sedimentary 
beds except the Gravina series. They are made up chiefly of chlorite, with some 
actinolite, epidote, and other schists. Diabases are very common, and belong to the 
latest intrusions in the region. Of the effusive rocks, which are also well repre- 
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sented in the district, the most abundant is the porphyritic rock which has licen 
termed the Kasaan greenstone. Its ^^eneml character is that of an andesite, but 
it shows great local variations, and probably includes some intrusive rocks. 
Rhyolites, trachytes, and basalts were also noted at a few localities. 

BED-ROCK GEOLOGT. 

8EDIMENTARIBR. 

Wale^ s/*ries. — A belt of argillite.s and white limestones extends in a northwest- 
southeast direction through Prince of Wales Island, and these, with the possible 
exception of some gneisses found associated with the gmnite, are the oldest rocks of 
the district. These argillites and limestones, together with closely associated green- 
stones, have been provisionally grouped as one formation under the name Wales 
series, although eventually the series will unquestionably be further subdivided. 
This belt is interrupted in many places by areas of younger etfusive rocks, which will 
be referred to hereiifter. 

The series as a whole can be divided into two parts, one of which is prevailingly 
argillaceous, while the other is essentially calcareous. Both the argillites and lime- 
stones are intensely folded, and they are frequently much metamorphosed. The 
reconnaissance did not allow the definite establishment of the age relations of the two 
portions of the series, but the greater part of the evidence points to the conclusion 
that the argillites are older than the limestones. This idea of the relative position of 
the two portions of the Wales series is supported by the known succession of argillites 
and limestones probably of the same age at Glacier Bay. 

In the Ketchikan district the argillaceous part of the Wales series is well devel- 
oped west of Twelvemile Arm, in the vicinitj' of HoUis. At that locality the rocks 
are typical clay slates and phyllites, often carrying graphite and including some 
interbedded arenaceous strata. Intiiisives of a basic character are not uncommon. 
To the east of the argillites is a l)elt of white crystalline limestone apparently over- 
lying the argillites. From notes obtained from prospe(»tors it seems probable that 
these argillites extend to the northwest and form the country rock of the gold-bearing 
region southwest of Karta Bay. Similar argillites were found at the western end of 
Moira Sound, where they also appear to underlie the crystalline limestones which 
outcrop to the east. Schrader reports that argillaceous and arenaceous sediments 
outcrop on Hunter Bay, near the southern end of Prince of Wales Island, which are 
probably of the same series. 

The limestones of the Wales series are nuich more extensively developed in 
the Ketchikan district than the argillites. They are traceable as a broken belt 
from Moira Sound northwestward to the western part of Kasiuin Bay and west- 
ward to Hetta Inlet, which was the limit of the reconnaissance. Marble is 
reported at the northern end of Prince of Wales Island. The limestone is typi- 
cally white or bluish white, crj^stalline, and often dolomitic. It is usually much 
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jointed and sometimes schistose. Basic intrusives are everywhere closely asso- 
ciated with the limestone, o<Tiirring as narrow sills and dikes and also as broad 
belts within the limestone area. These greenstones are always schistose and 
sometimes finely foliated. They are apparently of an intrusive character, though 
it is possible that some of them are tutfaceous. Narrow belts of graphitic slates 
and phyllites occur within the limestone area, locally producing a resemblance to 
the underlying argillites, which made it impossible to differentiate the upper and 
lower members of the Wales series. 

No measurement of the thicknass of this series was obtained. It seems 
probable, however, that the limestone alone is several thousand feet thick. 

The age of the Wales serie.s was not determined. It will be shown below 
that the succeeding rocks, which overlie them unconformabh", are of Middle 
Devonian age. The northern extension of what is IwJieved to be the same series 
has been shown to carry Upper Silurian fossils, and it will therefore l)e pro- 
visionally assigned to the Silurian. 

The rocks of the Wales series carry important ore Ixxlies. The phyllites are 
fractured, and in several localities are cut by true fissure veins containing ores 
which sometimes carry good values in silver and gold. Similar veins are found 
intersecting the crystalline limestones. As will be shown l>elow, some of these 
seem to be replacement. Another form of ore-bearing veins, which carry both 
copper and gold, occui's at the contact of crystalline limestone and intinisive 
igneous rocks. Mineralized zones containing copper and gold are found in some 
of the schistose intrusives which cut the Wales series. Workable beds of marble 
are reported to have been found in this series. 

Vallenar set'leH. — The next succeeding horizon is the Vallenar series, so named 
from its type exposures on Vallenar Bay, at the northern end of Gravina Island. 
The series is composed essentially of limestones and calcareous schists with some 
black slater. 

The distribution and metamorphism of the Vallenar series are somewhat 
puzzling. At Long Island in Kasasin Ba}' blue limestone^s carrying Devonian fossils 
are well exposed. These are only gently folded and appear to unconformably 
overlie a quartz-schist which contains much feldspar. At Vallenar Bay, on the 
other hand, is exposed a similar fossiliferous limestone which has been much 
crumpled and considembh' altered. It will be shown that this increase in 
metamorphism to the ejvst is prol>ably due to the action of the intrusive Coast 
Range granite. Such local variation in the amount of metamoiphism makes it 
probable that the Vallenar series will eventually l>e identified in other localities, 
among ceilain of the metamorphic limestones which have here been assigned to the 
Wales or Ketchikan series. 

The Vallenar series has been mapped as a broad belt on the western side of 
Gravina Island. It was positively identified, however, only at Vallenar Bay. At 
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the southern end of the island were found calcareous schists and blac^k slates 
which are provisionially assigned to this horizon. The correlation of the beds at 
the two ends of the island rests upon a very slender foundation. 

The Vallenar rock, like the underlying beds, contains intrusions of greenstones 
of various character. These are usually schistose and often highly contorted. At 
Dall Head, in Seal Bay, occurs a system of pegmatite dikes cutting both the 
Vallenar series and the associated greenstones. These are of interest liecause of 
the close association of the ore bodies with them. 

On Gravina Island the eastern limit of the Vallenar rocks is marked by whnt 
is believed to be a fault, and no determination of their thickness could be made. 
At Long Island the blue limestone which there fonns the basal member of the 
series is probably 200 feet thick. 

The disc»,overy of fossils at Long Island definitely determines the age of a 
part, at least, of the Vallenar series. These fossils were referred to Mr. Schuc^hert, 
who re|K)rts as follows: 

''The specimens from Long Island are Favositef^ near F. epidermatxis in abun- 
dance; Callopora ?\ Pugnax sp. undet. , a small specie-s; GypidxtJa sp. undet. , a strongly' 
plicated small species; Atrypa reticidariH Linn^; Parazyga apparently near P, hir- 
siita; Caiapophylhun sp. undet., a large species with a very deep cup; and Acervvl- 
aria with large comlites. The specimens from Vallenar Bay include a rhomboporoid 
bryozoan unknown in rocks older than Devonian. The age may be the same as the 
coral-bearing stmta of Long Island. 

''The age of the fossils from the above-mentioned localities is Middle Devonian. 
While each lot has a different association of species, all are of Middle Devonian age, 
but may represent different horizons. 

"Similar Alaskan coral faunas of Middle Devonian age are known on the Upper 
Kuskokwim at latitude 63'' 10', longitude 154^ 56', and near Cape Lisburne, on the 
Arctic coast. 

"From Kuiu Island, in southern Alaska, a few fossils of Middle Devonian age 
are known, but the fauna is quite different in that it contains no corals. A different 
horizon, possibly a lower one, may be indicated." 

As has been shown, Schuchert regards these beds as in general synchronous 
with the horizon from which a coml was secured in the debris of Dirt Glacier of 
Glacier Bay. 

A broad depression, which connects Vallenar Bay on the north with Bostwick 
Inlet on the south, divides Gravina Island into two distinct parts. The western 
part is believed to be occupied chiefly by the rocks of the Vallenar series; to the 
east are slates and greenstones which belong to the Ketchikan series. While there 
is no positive evidence, the topographic features suggest that there has been faulting 
along this depression. 

At the southern end of Gravina Island important copper deposits have been 
found in rocks which were correlated with the Vallenar series. These occur associ- 
ated with the pegmatite dikes which have been referred to. 
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Kttrluknn HiTn-n, Tin* rrM'kn r>f thin ,Hi»rif« arc arjj'illai*«H'>us and aronacooa** 8<'hi?<ts. 
fontiin^ a \w\\. which li<*^ h^ftwc^on thft Vallftnar rcH'kH and the granite of the Coa.«<t 
Itan^e, They were found in the vieinit}' of Ketchikan, on hioth sides of the Tongass 
Narrows, on the west><*rn |mrt of llevillagig(>do iHland, on the Cleveland Peninsula, 
alon^ (ieorjfe Inlet, and on the eastern side of I^*hni Canal as far a.s Traitors Cove. 
They are also found in Thorne Arm, (ieorj^e Inlet, and in the lower part of Carroll 
Inlet. They are for the most jmrt finely foliated slates and phyllites, usually carry- 
injjf eonsidenifde ^ra|)liiti(' or ear})ona<*eous matter. Ea.^t of Ketchikan they include 
some an*niu;eous Iwds which are more or less flajiff^y. While for the most part 
argillaceous, they also in<'Iude some limestone areas, which seem to l)e an integral 
part of th(»- series. As far as could l)e detennined, the limestones belong to the upper 
jmrt of the series, and the lower part is practically devoid of calcareous matter. 

The limestones whic^h were olwerved in this series are limited to two or three 
Im^Us in the vicinity of (ieorge Inlet and Throne Arm. These limestones are white 
or bluish, usually (iuit<'. crystalline, nuich jointed, and sometimes foliated. It is 
jMissible that the stnu'ture in the vicinity of these limestone beds has been misinter- 
pret4»d, and that th<»y, tis a matt(>r of fact, belong to an older series which has been 
infolded with the argillites. 

The !>eds of this seri(»s strike northwesterly and southeasterly with varying dips. 
Usually they are closely folded. (loing eastward across the strike, one finds the 
argiHit(*s to Im* more metamorphosed and the folding more intense as the gi'anite is 
approache<l. Near the (*onta<*t the rocks are altered to phyllites and sometimes to 
mica m-hists. This fm^t suggests the possibility that the mica-schists which occur 
within the (^.oast llange gninite belt may })elong to the Ketchikan series. 

The eastern limit of the Ketchikan series is formed by the Coast llange granite 
mass. These granites jvre intrusive, and near the contact there is usually an irregular 
HU(*ceHsion of slate and gninite belts. 

N(»ither the thickness nor the age of th(^ Ketchikan rocks could be determine<l, 
but near I'Oon Island, on (ieorge Inlet, the limestones of the serie.s were found to 
contain many crinoid stems, which suggests that the limestone at least belongs to 
the Up|>4»r Paleozoic. In the sket<»h of the geology of southeastern Alaska a belt of 
argillites is <U»scribed (p. 24) which includes the Ketchikan series and which lies 
adjacent to the granite* on the west. Kvidence is there presented which tends to 
show that these rocks are in jwrt Mesozoic; an attempt to correlate them with the 
described formations of adjacent {K)rtions of British Columbia suggests that the 
linu^tones of the K«'t(*hikan series are CnrlK)niferous, and that the argillites may Ije 
Triassic, antl thi»refore yiuiuger than the limestones. However, the structural rela- 
tions of the limestone beds, as far as determininl, lead to the conclusion that the 
argillites an* the ohler. At prtisent, .therefore, it is im]K)ssible to state definitely the 
ag«* of the Ket<'hikan series, or its ri'hitions to the Wales and Vallenar series. 

Intrusives aiv very inmnuon throughout the area occupietl by the Ketchikan 
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scries. Besides the main mass in the Coast Range, smaller stocks of granite are 
occasionally found, and intrusive greenstone is of very common occurrence. A belt 
of fine-grained greenstone-schist, which the microscope shows to have been derived 
from a diabase, is exposed on both sides of Tongass Narrows, and is again found 
on Betton Island and Cleveland Peninsula. Granular rocks resembling diorite also 
occur, and these were observed to cut the diabase. 

Th3 Ketchikan series is important from an economic standpoint The phyllites 
are jointed and fissured, and the fissures are sometimes filled with gold-bearing veins. 
Within the greenstones of this series there are mineralized zones which afford gold 
ores. Notable examples of the latter are the ore deposits of Cleveland Peninsula. 

Gravina seriea, — This is a series of massive conglomerates overlain by black 
shales or slates and closely infolded with the rocks of the Vallenar series. It was 
observed at Dall Head and elsewhere on the southern side of Gravina Island, and 
although it has not been identified with certainty elsewhere in the region, more 
detailed investigation will doubtless reveal its presence. At Niblack Anchorage, on 
Prince of Wales Island, at an open cut on the Lookout claim, a small outcropping of 
heavy conglomerate was observed, which may be of the same age as that on Gravina 
Island. Schrader reports a similar conglomerate on Hunter Bay, at the south- 
ern point of Prince of Wales Island. Notes obtained from prospectors indicate a 
similar occurrence at Union Bay, on the northern side of Cleveland Peninsula. The 
basal bed of the series is a massive conglomerate composed of usually rounded peb- 
bles representing the various types of rock occurring in the adjacent formations. 
Above the conglomerate there are black shales and slates. Both the conglomerate 
and the shales have l)een intensely squeezed, and the former is much jointed and 
fissured. The evidence points toward the conclusion that previous to the deposition 
of the Gravina series the region over which it was laid down had existed as a land 
area, subject to subaerial erosion. The coarse conglomerates at the base of the series 
mark the advance of the sea over this ancient land. In the general discussion of the 
geology of southeastern Alaska it has been shown that this series is probably the 
equivalent of the Mesozoic beds on the Stikine River, the Taku River, and the 
Upper Lewes River, and of the Kennicott formation of the Copi)er River district 
On the Queen Charlotte Islands Dawson has shown that a comparable stratigraphic 
break occurs near the base of the Cretaceous. It is thus probable that the placing 
of the Gravuia series in the Cretaceous is correct. 

Ttrtlary beds, — It has already been shown that Tertiary beds, chiefly of Kenai 
age, have a wide distribution in southeastern Alaska, though they aggregate no 
great thickness. Within the Ketchikan district the Tertiary has l^een found at only 
one locality, and there its age could not be definitely determined. At Coal Bay, a 
southern arm of Kasaan Bay, some lignite- bearing beds were found, and are believed 
on general grounds to be of Kenai age. These beds consist of soft feldspathic sand- 
stone with some shale, which is almost horizontal. The lignite seams thus far 
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discovered in these beds have no commercial value. These rocks were probably 
deposited in an isolated basin. 

IGNfiOUH ROCKS. 

• 

Granite. — ^The eastern part of the Ketchikan district is occupied by a part of 
the great Coast Kange granitic batholith. Granitic rocks also occur as stocks in 
other parts of the district. The granite of the C/oast Kange of southeastern Alaska 
and British Columbia consists usually of orthoclase, quartz, and biotite, often with 
considerable hornblende. It is medium to coarse grained in texture, and has a 
marked uniformity throughout the telt, which is many hundred mile^ in length. 

In the Ketchikan district it is usually a massive rock, but at many localities it 
has suffered considerable shearing and is altered to mica-schist and to gneiss. The 
gneissic belts within the Coast Range granite to the south were considered by 
Dawson** as possibly belonging to an older crystalline schist series. In the Ketchi- 
kan district the evidence points toward the conclusion that they arc local alterations 
of the typical granite of the Coast Range, or, as has already been suggested, that 
some of these mica-schists are of sedimentary origin and l)clong to the Ketchikan 
series. The western boundary of the Coast Range granite extends northward from 
near the southern end of Behm Canal through Revillagigedo Island, crossing the 
northern arm of Behm Canal near the mouth of Traitors Cove. The contact between 
the granite and the phyllites of the Ketchikan series is a very irregular line. Masses 
of the granite are found entirely within the area occupied by the schists, and again 
bands of the schists appear within the area of the granite. Near the contact the 
granite has been considerably sheared, and frequently has the form of biotite-gneiss. 
Dawson and others have shown that the Coast Range granite was intruded, in 
Mesozoic time, after the deposition of the Triassic and previous to the deposition 
of the Lower Cretaceous. 

The granite is cut by intrusions of various rocks, the most common being coarse 
white pegmatites, which occur in small dikes and veins. Diabases and basalts are 
also not uncommon. 

In various parts of the Ketchikan district granite is not uncommonly found in 
stocks. In these the rock is sometimes of the same lithologic type as that of the 
Coast Range, and in other cases of a distinct character. The stocks vary from a 
quarter of a mile to several miles in diameter, and have usually produced considerable 
local metamorphism. Such a stock, in which the granite carries augite as a dark sili 
cate, was observed west .of Smuggler Cove. Another occurs l)etween Niblack 
Anchorage and North Arm, on Prince of Wales Island. Another stock, also of 
augite-granite, is located on the east side of Thorne Ann. Near the western end of 
Moira Sound there is a large mass of granite, apparently cutting the slates of the 
Wales formation. This granite carries a dark-green hornblende and considerable 
plagioclase, besides orthoclase, microcline, and quartz. 

aGeolo(|;ical r<>cord of the Rocky Mountain region m Canada: Bull. Qeol. Soc. Am., Vol. XII, p. 64. 
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As far as known the ffpanite of the Coast Range is all of one period of intrusion. 
More detailed field work may show, however, that there Ls a younger massive granite, 
which was intruded after the deformation of the gneissoid granite. The evidence 
also points toward the conclusion that the granite of the isolated stocks is of the same 
age as the ma^jsive phases of the Coast Range granite. 

The granite itself has no economic importance, unless possibly some of it may 
some time be used for building purposes. The distribution of the granitic rocits, 
however, has a close relation to ore deposits, for. the mineralization of the adjacent 
sediments seems to o<x?ur more often within the zone affected by the intrusions. An 
examination of the map of southeastern Alaska and adjacent portions of British 
Columbia which shows the location of the mining districts indicates that a certain 
class of deposits are found only in the two zones of metamorphosed sediments which 
flank the granite belt. 

PegmatUic and aplitic rocks. — Reference has already been made to the pegmatite 
veins and small dikes which are found cutting the Coast Range gmnite. These have 
more the appearance of segregations than true injections. In thin section a specimen 
from one of these was seen to be composed essentially of orthoclase and plagioclase 
more or less idiomorphiciilly developed and containing many gas or fluid inclusions, 
together with allot riomorphic quartz. Muscovite occurred as an accessory minei*al.- 
Another occurrence of pegmatite typically developed was found at Seal Bay and at 
Dall Head, in the southern part of Gravina Island. Here a coarse, white, pegmatitic 
rock cuts the greenstone-schists which form part of the Vallenar series. In thin 
section these pegmatite dikes show an allotriomorphic intergrowth of plagioclase, 
orthoclase, and quartz. Many of the dikes have been mineralized and much altered. 
They are frequently brecciated and constitute the host of the ore body. 

Syetiitic rocks. — Intrusions of rock belonging to the syenite family were found 
at onl}'^ one locality in the Ketchikan district. On Copper Mountain a large intru- 
sive mass of a granular rock cuts the white crystidline limestone of the Wales series. 
This rock is greenish white, and rather fine grained in the hand specimen. In thin 
section it is seen to be an allotriomorphic aggregate of orthoclase and augite with 
hornblende and some plagioclase, together with various secondary and accessory 
minerals. It is provisionally classed as an augite-sj^enite. 

Dioritic rocks. — Diorites are among the most common of the igneous rocks in 
the region, and occur as small stocks and as dikes. The typical diorite is a holo- 
crystalline rock made up of plagioclase and hornblende with usually a little quartz 
and considerable magnetite. The variation from this type is a rock carrying more 
quartz and some orthoclase, which is classed as a quartz-diorite or granodiorite. 
These diorites are often porphyritic. Often they can not be differentiated in the 
field from the effusive rocks, such as the Kasaan greenstone, which will be described 
below. 

Diabase. — This is the most widely distributed of the massive igneous rocks of 
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the region, and ite unaltered occurrences belong to the latest intrusion. The typical 
diabase usually occurs in small dikes and carries olivine. The olivine-diabase 
usually shows its chamcteristic mineral in the hand specimen. The olivine is con- 
tained in a dark-green crystalline groundmass. In thin section the olivine occurs 
as well-dcveloiKid phenocrysts, with a groundmass having an ophitic structure and 
consisting of plagioclase, brown pyroxene, and small irregular olivine grains, 
together with leucoxene, magnetite, etc. These olivine dikes seem to have been the 
feeders for the Imsalt flows which are not uncormnon in the region. Another type 
of diabase is similar in character except that it does not carry olivine. 

The diabases which are described in this section are all massive, and have been 
intruded since the latest deformation of the region. Among the greenstone-schists, 
however, there are many rocks which are apparently altered dial)ases, and which 
will be referred to later. 

Gafjhrok rocks. — Ro<!ks of this type are very uncommon in the district. On 
Moira Sound was found a small exposure of coarsely crystalline basic rock which is 
much weathered but is probably an altered gabbro. In thin section large semi-idio- 
morphically developed plagioclase individuals were observed, with a cement of 
amphibole, chlorite, and epidote, probably derived from the original dark Silicates. 
A similar type of rock was observed on the West Arm of Cholmondeley Sound. This 
contained pyroxene as a dark silicate. 

On Copper Mountain, in Hetta Inlet, a finer-grained rock was found in contact 
with a crystalline limestone. This rock was made up of plagiwlase and pyroxene 
and various other minerals. It is provisionally classed with the gabbros. 

AniphUHtllte. — At Copper Mountain and at scveml other localities dikes of a 
l>ale-green aphanitic rock were observed, which in thin section was found to lie made 
up almost entirely of a granular aggregate of a highly refractory mineml, probably 
an amphibole. 

G reensUmn'HvJihU, — The most common igneous rocks of the region are schists, 
made up of various minemls but having the common characteristic of being igneous 
and green in color. They are here grouped together because of lack of detailed work 
to differentiate them. They are usually highl}' schistose, though sometimes more or 
less massive. One type is directly traceable to alterations of fine-grained diabases; 
others, again, are altered diorit(^s. They occur in the Wales, Vallenar, and Ketchi- 
kan series. They prolmbly lielong to different periods of intrusion, but these can not 
be differentiat(^.d without further studies. A ver}' common type is a quartz-chlorite- 
schist carrying some feldspar and often some amphibole. Some few also carry con- 
siderable pyroxene. Where amphibole predonunates they can be classed as ampliibole- 
schistsoras actinolite-schists. The more basic types are epidote- and zoisite-schists. 
With these are also classed some talc-schists, which are evidently alterations of still 
more basic rocks, and which were found at onlv a few localities. While most of 
these schists are l)elieved to l>e alterations of intrusive rocks, it is possible that some 
are of extrusive origin. 
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Another type of schistose rock was found at Niblack Anchorage. This is essen- 
tially a quartz-feldspar-schist, often containing considerable chlorite and sericite. In 
its least altered form it consists of a crystalline aggregate of orthoclase and quartz, 
often with chlorite and sericite, but it has usually bieen sheared, altered, and reduced 
to a quartz-sericite-schist. These quartz-sericite-schists consist essentially of fine 
mosaics of quartz and sericite, with occasionally some feldspar. They are most 
likely an altered rhyolite. The schist forms a belt probably half a mile or three- 
fourths of a mile in width, which is traceable for at least a mile in a northwesterly- 
southeasterly direction. It is intruded in the greenstone-schists, which in turn are 
intruded in the Wales series. A similar schist was found on the South Arm of Chol- 
mondeley. It is of special interest because it contains important bodies of copper 
and gold. Most of the rhyolitic rocks of the region belong to the more rei^ent 
intrusions, and it seems probable that their extrusion took place in Mesozoic or later 
times. The rhyolitic schist at Niblack Anchorage is a much older intrusion, and has 
no connection with the more massive rhyolites. 

Kasaan greenstone, — Of the igneous rocks in the Ketchikan district the Kasaan 
greenstone has the most extensive development. It occurs in a variety of types, but 
as a I'ule it is a pale- or dark-green massive rock, more or less jointed, usually with 
well-developed phenoi^rysts of plagioclase feldspar. The groundmass has considerable 
variation in its lithologic constituents, but it is usually microcrystalline and made 
up essentially of plagioclase feldspar and hornblende or augite. It frequently con- 
tains orthoclase and considerable quartz, and thus approaches a rhyolitic type. In 
other eases augite is not an uncommon constitutent of the groundmass. Magnetite 
is a common accessory. Some phases of this rock are apparently diorites, both in 
structure and in composition. They differ, however, from the other diorites of the 
region in being much fresher and in being always porphyritic. As the Kasaan 
greenstone is believed to be largely effusive, these dioritic phases probably represent 
the central portions of large flows which have been exposed by erosion. Intrusive 
rocks are, however, probably included in this greenstone complex. 

The Kasaan greenstone is typically quite massive, with, ho'wever, marked 
systems of jointing. In some localities well-developed shear zones are found in 
it. These seem to be of rather local character and to follow lines of faulting. 

On the accompanying map, PI. II, the approximate distribution of the Kasaan 
greenstone is shown. More detailed work will probably show many errors in 
this mapping, as it is often impossible in the field to distinguish the Kasaan 
greenstone from the older greenstones associated with the Wales series. 

The belt of this rock which occupies the western part of Cleveland Peninsula is 
of the dioritic phase. In the peninsula lying between Clarence Strait and Kasaan 
Bay, and also on the eastern branch of Skowl Arm, the greenstone contains a 
number of shear zones. 

Within the greenstone are found some narrow belts of limestone, which are 
9210— No. 1—02 4: 
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too Hmall to be represented on the geologic map. These linie^t^^ne-s are usually 
crystal line, but are not as much sheared as those of the Wales series. Their 
origin and age is an unsolved problem, but they probably represent the land 
flcx>r on which the greenstone was poured out, and can be provisionally correlated 
with the Devonian of the Vallenar series. 

The Kasaan gn*enstone was extruded after the deformation of the Wales and 
Ket<;hikan series. It seems probable that it is of later origin than the Coast 
l{ange granite, for it shows evidence of having suffered during the crustal 
disturljunces which accompanied this intrusion. The greenstone i*an therefore >>e 
assigned to a date later than the Triassic. It has >>een shown elsewhere that 
there was vok^anic activity in the Queen Charlotte Islands during Ix)wer Creta- 
ceous time, and the Kasaan greenstone is probably a manifestation of the same 
period of eruption. 

This formation ix>ssesses considerable economic interest from the fact that it 
contains copper ores, and possibly nickel ores as well. The peculiar copper deposits 
of Kasaan Peninsula are ass<M*iated with this ro<»k, as are also the copper and nickel 
deposits of the Skowl Arm region. 

RhyiiLitea. — Rhyolitcs are not uncommon in the Ketchikan region. They were 
found as dikes and small flows in all pai'ts of the district. At most lo<*alities they 
were so much altered that it was difficult to determine their original character. On 
the east side of Twelvemile Arm, near the I^avinia claim, some exposures of rhyolite 
were found which showed flow structure and other evidence of their extrusive char- 
acter. In this rock pheiuKT^'sts of qiiailz and orthoclase are scattered through a 
finely laminated groundmass of cryptocrystalline character. The groundmass 
('onsists of kaolin and other secondary minerals, and is probably a devitrified glass. 
These rhyolites proVmbly belong to the same general period of extrusion as the 
Kasaan greenstone. Mention has already >>een made of a quartz-feldspar-schist 
which is believed to )>e an altered rhyolite. 

TraahyteH, — Trachytic rocks were found at only two localities, and in both cases 
the exjwsurcs were so much weathered that the identification was doubtful. At the 
head of the South Arm of Moira Sound are exposures of a liluish, fine-grained, 
crystalline rock which in thin section showed small phcnocryst^ of orthoclase in a 
groundmass made up chiefly of orthochise with some calcite and sericite. A similar 
rock was found in the Southwest Arm of Moira Sound. 

liiUialtH, — Basalts are not common in the Ketchikan district, though they have 
l)een described from many localities in adjacent areas. Those that were found differ 
very little in character from the diabases which have already been described. They 
occur as small flows, and all those that have been studied carried olivine. 

SUMMARY OF GEOLOGIC HISTORY. 

The strata of the Ketchikan district comprise )x)th sedimentary and igneous 
rocks, representing sedimentary deposits and volcanic activity since early Paleozoic 
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time. At various periods there have been important crustal adjustments within^ the 
region, some of which have been wide reaching, whi4e others have been quite local 
in their effects. The final result of these disturbances and the subsequent erosion 
of the region has been to leave the formations, as they outcrop at the surface, 
disposed in belts having a general northwest-southeast strike. Along any one of 
these belts the i"ocks are characterized by lithologic uniformity, while in a direction 
at right angles to this the^- are extremely variable. 

The earliest records of sedimentation in the Ketchikan district are contained in 
the Wales series, which forms the countr}' rock of the greater part of Prince of 
Wales Island. It is possible that certain of the gneisses and mica-schists found 
associated with the granite of the Coast Range represent a still older series, though 
these are in part known to be derived from the suiTounding sediments or from the 
granite itself. 

The lower part of the Wales series is predominantly argillaceous and the 
upper part calcareous. The calcareous beds are believed to be of Silurian age, and 
the underlying argillaceous beds are presumably Lower Paleozoic. The fact that 
Cambrian rocks have an extensive development in a province not far distant suggests 
that these Lower Paleozoic sediments mav include Cambrian strata. After their 
deposition these beds were indurated and then intensely plicated by crustal move- 
ments. During this period of disturbance, which was probably in early Devonian 
times, extensive injections of igneous rocks of a basic character took place. These 
igneous rocks were in part subjected to the same deformation as the sediments with 
which thev are associated. 

The close of this cycle left a part of the land mass above water and subject to 
stream erosion. After partial degradation submergence followed, and the deposition 
of the Middle Devonian limestones and carbonaceous shales took place. These two 
latter are grouped together under the name Vallenar series. 

The general facts of the geologic history of the region are fairly clear up to 
and including the deposition of the Vallenar series. The records of the succeed- 
ing epochs are obscure, and the stratigraphic succession has not been determined. 

East of the Vallenar series is a belt of more or less altered argillites and beds 
of crystalline limestone, which constitutes the Ketchikan series. What evidence 
there is points toward the conclusion that this series contains strata of both 
Upper Paleozoic and Mesozoic (Triassic?) age. The eastern boundary of the 
Ketchikan series is formed by the granite rocks of the Coast Range. These 
granitic rocks occupy a large area in the eastern part of the district. They include 
both massive and gneissoid, and even schistose, phases. The former are plainly 
intrusive in the argillites to the west, while the gneisses and schists are believed 
to be sheared portions of the massive granite. The intrusion of this great bath- 
olith would cause not only extensive contact metamorphism but also considerable 
mechanical deformation. The metamorphism caused by this intrusion affected the 
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entire Ketchikan series, and probably caused more or les« disturbance among the 
rocks lying still farther to the west. 

Subsequent to, or i)Ossibly during, the granitic invasion large masses of effusive 
rock were ])oured out in the western part of the district. The most important 
effusive type has !H?en termed the Kasaan greenstone, which is of an andesitic 
type. These volcanic rocks are provisionally assigned to the Mesozoic. 

During Mesozoic times (probably early Cretaceous) the Umvina series, made 
up of fragmentary mati^rial, chiefly conglomerate and slate, was deix)sited uncon- 
forma!)ly upon the Ketchikan series. Its jwsition in the stratigraphic column is 
inferred maihiy from its analogy to the beds of Cretaceous age found on the 
Queen Charlotte Islands. All of these Mesozoic rocks, both sedimentary and igne- 
ous, have suffered more or less deformation. Indeed, the granite, Kasatin green- 
stones, and Gravina series were all affected by the crustal movements which 
followed the depositions of Mesozoic times. The disturbance seems to have been 
most intense within the Coast Range granitic area, and to have decreased to the 
westward. It was probably during this period of deformation that the later dike 
rocks were injected and many of the ore bodies formed. Kecord of deposition 
during Tertiary time was found at only one locality, though beds of this period 
are not uncommon in other parts of southeastern Alaska. These beds have been 
only slightly deformed. 

The crustal movements in later Tertiary times were principally continental 
in their character, but the knowledge of the region is too limited to warrant 
definite statements concerning them. During Tertiary times much of the land 
mass was reduced to a peneplain, out of which during subsequent elevation the 
present land forms were carved. The position of the major drainage channels was 
dependent on structural features. Subsequent to the development of a topography 
very similar to that we see to-day, the ice invasion took place and scoured out 
and deepened the preexisting valleys and fiords. This was probably followed by 
a slight depression. 

The salient facts in the geologic history of the region are as follows: The 
Wales series .was first deposited. The district was then uplifted, folded, and 
subjejL'ted to erosion and again submerged. Then followed the deposition of the 
Vallenar, Ketchikan, and Gravina series. The district was then again uplifted 
and folded and the Coast Range granite was intruded. The land was then again 
subjected to erosion and was then probably slightly depressed. 
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ECONOMIC GEOLOGY. 
GENERAL REIATION8. 

In the character and mode of occurrence of its economic products the Ketchikan 
district offers greater variety than any other mining region which has thus far been 
exploited in Alaska. The metalliferous deposits of the distri(»t show the presence in 
commercial quantities of gold, silver, copper, zinc, lead, and perhaps nickel. Other 
possible mineral values lie in the marble, which has received a limited development, 
and in the granite and the limestone. 

Gold placers have been found in the district, but they are not extensive and do 
not form an important source of gold. Gold occurs in veins and mineralized zones, 
both free and in pyrite, and to a limited extent in tellurides. Silver is closely asso- 
ciated with gold deposits in galena, and in limited quantities in tetrahedite. The 
copper ores of the region, in the order of their importance, are chalcopyrite, malachite, 
bornite, chalcocite, and cuprite. Of these the lirst four form the impoilant ore 
bodies thiLs far discovered. The copper deposits show a great variety of occurrences, 
both in veins and in mineralized zones. The zinc occurs as sphalerite (zinc blende) 
and in association with both copper and silver-lead ores. Nickel has been repoi1:ed 
to occur in some of the pyrrhotite, which is associated with chalcopyrite ores. 

On the map, PI. II, the principal mining localities of the Ketchikan district are 
shown. For convenience of description these localities are arranged in groups, to 
which local names have been applied, and these are printed in red on the map. The 
following are the locality names, arranged in the order in which they will be 
described: Cleveland Peninsula, Tongass Narrows, George Inlet, Thorne Arm, Seal 
Bay, Dall Head, Vallenar Bay, Niblack Anchorage, North Arm of Moira Sound, 
Dolomi, Kitkun Bay, South and West arms of Cholmondeley Sound, Twelvemile 
Arm, Hetta Inlet, Skowl Arm, Kasaan Peninsula, and Tolstoi Bay. 

The deposits of Cleveland Peninsula occur in gold- and silver-bearing fissure 
veins and mineralized zones. The gold ores are both free milling and refractory. 
They occur in greenstone-schists, which are altered intrusive,s in the Ketchikan 
series. The Tongass Narrows deposits are similar in character and represent a 
southern extension of the same belt. As far as present developments showj they 
do not compare in richness with those of the Cleveland Peninsula. The Thorne 
Arm ore bodies are true fissure veins, usually closely associated with porphyry 
dikes which cut greenstone-schists belonging to the Ketchikan series. The ore is 
chiefly gold, which occurs both free and combined. The veins, which follow the 
dikes, are characterized by their persistence, and seem to carry rather uniform 
though not high values. In George Inlet one class of veins carries chiefly p3^rite 
bearing gold and free gold, and another galena and zinc blende. The veins 
apparently follow fissures, and the country rock is an argillite, belonging to the 
Ketchikan series. At Seal Bay and Dall Head the ores are chalcopyrite, and occur 



54 THE KETCHIKAX MINING DISTRICT, ALASKA. 

along zones of brecciation near the contact of greenntone-schists and pegmatites. 
They carry some gold values. The Niblack Anchorage deposits cany chiefly 
copper, with some gold. They consist of immense mineralized zones, carrying 
persistent though low values, in a feldspathic schist, which is probably an intrusion. 
This feldspathic schist cuts greenstones, which in turn are intrusive in the Wales 
series. 

On the west side of North Arm there are gold-bearing quartz veins which 
follow fissures in a dioritic and also in a gmnitic roc^k. Those to the northeast 
of the Arm are zinc blende and galena ores, o(^curring in white crystalline lime- 
stones of the Wales series. The Dolomi region is gold and silver bea,ring. The 
ore bodies are in part true fissure veins and possibly in part replacements in the 
white crystalline limestone. The Kitkun Bay region is a northern extension of the 
same class of deposits. In both regions the gold is in part free and in part combined. 

In the South Arm of Cholmondeley Sound are found copper deposits which 
are similar in many ways to those of Niblack Anchorage. They occur as min- 
eralized zones in a feldspathic schist. The Twelvemile Arm region has true 
fissure veins, which are similar to those of Thome Arm. The ores are gold and 
silver, the former in part free milling. Some of these veins, like those of 
Thome Arm, are closely a.ssoc»ialed with porphyry dikes. The Karta Bay deposits 
are probably a northwesterly extension of the !)elt. 

The Skowl Arm, Kasaan Peninsula, and Tolstoi Bay regions contain copper 
deposits, chiefly sulphides, which are similar in chaiTicter. These are in part 
irregular masses of ore contained in massive greenstones, and in part form l>etter 
defined zones in schistose phases of the greenstone. In the Hetta Inlet region 
only the Copper Mountain deposits were examined. These, which yield high 
copper values, occur along the contacts of white crystalline limestone and intru- 
sive rock masses. 

The detailed descriptions which follow do not by any means include a com- 
plete list of all of the claims of the district. The work was so planned as to 
permit of the examination of those localities in the eastern part of the district, 
where the greatest developments had been made. During the progress of the 
work manv claims of minor importance were examined because thev lav near the 
route of travel, and descriptions of many such are included in this report. It is 
the province of the geologist to descrilw the types of the ore bodies, and the 
detailed descriptions of properties should be left to mining engineers and experts. 
In the Ketchikan district, however, the developments have been so insignificant, 
and our knowledge of the geology is so small, that the writer has been forced 
to present detailed descriptions in lieu of broad generalizations and conclusions. 
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DESCRIPTIONS OY LOCALITIES. 



CLEVELAND PENINSULA. 



General descriptmn. — The Cleveland Peninsula is the rugged land mass which 
separates Ernest Sound from Behm Canal (see PL II and fig. 1). The mountains 
which make up the peninsula are transverse to its longer axis and parallel to 
Clarence Strait and to the general strike of the bed rock. 




Fia. 1.— Sketch map of Cleveland Pcninfniln, showing: claim looatlonn. 

The northern part of the peninsula is occupied by granitic rocks (see geologic 
map, PI. II), which, near their southern boundary, are more or less gneissoid. To 
the southwest of the granite is a l)elt of closely folded argillites, with some 
calcareous beds, which belong to the Ketchikan series. Intercalated greenstone- 
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schists, derived from igneous rocks, are very plentiful in the slate series, occurring 
in belts up to half a mile in width. They consist chiefly of secondary minerals, 
chlorite, epidote, and actinolite, vrith occasionally some primary minerals, such as 
plagioclase, amphiboles, and pyroxenes. The foliation of the schists is parallel to 
that of the argillites. Previous to their deformation and metamorphism they were 
probably intercalated sills of diabases and allied rocks. The greenstones even^- where 
carry considerable pyrite. The argillites and associated greenstone-schists are 
intruded by massive dikes, which cut across the foliation, and which also carry 
considerable pyrite. Thei*e are also masses of greenish porphyritic rock, made up 
of plagioc-ilase, amphibole, and pyroxene, which ma}' be provisionally classed as 
diorites. West of Helm Bay there is a considerable mass of pyroxene-granite, 
whose outline is approximately indicated on the accompanying map. 

The western part of the peninsula, which ))orders Clarence Strait, is formed 
of a green, porphyritic roc*.k, which has been mapped as a part of the Kasaan 
greenstone. It is not unlike the poi'phyritic dikes which have been described. 

Mining operations have thus far been contin^ to the southeast coast, on the 
southwest side of Helm ftey and Smuggler Cove. The values are chiefl}' gold, with 
some silver, and in some claims possibly copper. The gold deposits which have 
thus far been exploited are chiefly free milling. The common association of minemls 
is free gold, iron pyrite, with a little galena, and a quartz gangue. In some veins 
chalcopyrite and bornite occur as accessory minerals, as does also telluride. Pros 
pectors report the occurrence of gold-bearing quartz veins on the north side of the 
peninsula, but these have not been developed. 

The mineralized zone, as far as determined, includes a belt at least a mile in 
width lying on the west side of Helm Bay, which stretcihes in a northwest-southeast 
direction. In this zone at least half of the cx)untry rock is greenstone-schist. The 
results of the investigation seem to show that there are two distinct systems of quai*tz 
veins. The older system follows lines of fracture running about parallel to the foli- 
ation of the schists, which varies in diret^tion from N. to N. 20^ W.; the younger 
veins follow fractures running N. 20'^-40-* E. Movement took place after the depo- 
sition of the older quartz veins and previous to the deposition of the second series. 
As far as could be determined, the richest deposits occur where the two systems inter- 
sect. The first system of veins usually has fairly well-defined walls, while the second 
system sends off shoots into lx)th walls. The ore bodies are for the most part min- 
eralized zones in which the country rock has been sheared and brecciated and then 
permeated by the mineral-bearing solutions. In some of these deposits the gold is 
irregularly distributed in extraordinarily rich pockets; in othei's the ore is low grade 
but the distribution more unifonn. Many beautiful specimens of native gold have 
been found in the region. In deposits of this nature it is very diflScuIt to obtain 
conmiercial samples for assay. The pockety character of some of the ore bodies 
makes it desirable that they should be very carefully prospected before a large 
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amount of capital is invested in their development. On the whole the district prom- 
ises to yield returns for systematic development. 

United States clnirtu<. — ^This group is loented about three-fourths of a mile east 
of the head of Smuggler Cove. A quartz vein on one of the claims has been stripped 
for a width of 5 or 6 feet. The country rock is a green chlorite-schist. The vein is 
well defined across a width of 10 to 20 feet and is said to have been traced for some 
distance. Its strike is about northwest and southeast, and the dip 70^ NE. The 
quartz carries pyrite and free gold, and colors were obtained ]>v panning material 
scraped from the surface of the vein. 

Mary T, dalrn, — This claim is located alK)ut 100 yards to the northwest of the 
United States claims. The ore occurs in a minei-alized zone in chloritic schist carrj^- 
ing quartz blebs. The development has been insuflScient to detennine anything 
concerning the character of the vein. On the surface the ore is a malachite, with 
copper and iron p3a"ite. The strike is northwest and southeast, parallel to the course 
of the United States vein. The owners report that the vein carries 15 per cent 
copper and $11 in gold. 

La^t Chance chiim, — ^This claim is located about 1 mile from Smuggler Cove and 
three-fourths of a mile west of Helm ^^^y, The development consists of a drift about 
25 feet in length. The country rock is a chloritic schist, which strikes about north 
and south. Two s^'stemsof veins oc^cur; one is parallel to the foliation of the schist, 
and the other strikes N. 60'^ E. At the face of the drift is a lenticular vein, very 
irregular, with a maximum thickness of 1 foot. In a width of 4 feet there are 
several lenticular quartz masses in which chalcopyrite and bornite can be seen in 
hand specimens. It is said to carry gold values. 

Ghyry ehtlm, — This prospect is located alK)ut 2 miles from Smuggler Cove. A 
2-stamp mill is in process of erection. The workings at the time of the writer's visit 
consisted of a tunnel about 20 feet long, cutting across the foliation of chloritic and 
calcareous schists. Both of these rocks are mineralized in a zone which follows 
their contact and locally reaches a width of perhaps 100 feet. Along the whole 
length of the tunnel blebs of quartz are very irregularly distributed, but the pyrite 
is present in the schist and quartz alike. The gold contents are chiefl}' in the schist 
in the free state, and in the last 10 feet of the tunnel the values are reported as $10 
to the ton. 

Keystotw dmm, — This is located about 1 mile northwest of the western arm of 
Smuggler Cove. The developments consist of a shaft 120 feet deep, with drifts 
and crosscuts. The shaft is ))etween 400 and 500 feet above tide water. At the time 
of the writer's visit development work was ])eing rapidlj^ pushed. The country rock 
is a green schist, the color being due in part to chlorite and in part to actinolite. 
The ore is iron pyrite and gold, which occurs in a mineralized zone 20 to 40 feet 
wide. The schistose rock from this zone is impregnated with iron pyrite. The 
values, according to the superintendent, run fi-om $3.20 to $20 in gold, the average 
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being about $8, 5 per cent of which is in the concentrates. The values seem to 
be rather evenly distributed. The concentrates are valued at $140 a ton. In the 
minemlized zone are many irregular quartz veins and quartz blebs, and probably 
both generations of veins are represented. It is a source of great regret to the 
writer that he was not able to study this occurrence in greater detail. 

The systematic manner in which this pi'operty has been developed reflects great 
credit on the superintendent, Mr. J. A. Bradley. He has deliberately gone to 
work to find out the size and value of the ore body before investing money in 
an expensive mining plant. Mr. Bradley ^s example might well be followed by 
many of the other property owner's of the Ketchikan district. The locality is 
exceedingly favorable for cheap mining, and excellent water power is ne^ir at 
hand. 

Little Maumee cUiim, — This name has been given to a small vein which cuts a 
porphyritic diorite on the west side of Helm Bay. The vein follows a shear zone in 
the diorite and is about 12 inches in width. It carries both copper and iron pyrite, 
and is said to carry gold values. At a number of other localities in this vicinity 
small veins are found in the diorite, or the diorite itself is found mineralized along 
shear zones. One of these mineralized diorites.is said to have shown, on assay, a 
gold value of 96 cents. The general strike of these veins is nearly east and west. 

Kingston dainis. — This group of claims, on which no development has been 
made, is about a quarter of a mile from tide water, near the entrance to and on the 
west side of Hehn Bay. The country rock is a chloritic schist associated with a 
graphitic schist. The ore lK)dy is a mineralized zone in chloritic schist, varying 
from 6 to 30 feet in width. In this mineralized zone vein quartz predominates, 
with some masses of the country rock. The widest quartz vein observed was about 
6 feet. Assays of material from this group have shown variations in gold values of 
from $2.50 to $600. 

Rainy Day claim. — About a half mile north of the Kingston group is a mass 
of granite-poi"phyry, a quarter to a half mile in width, apparently intrusive in black 
slate. The Rainy Day claim is located in the granite on a quartz vein which strikes 
northwest and southeast and which has a width of from 8 to 3i feet. It is said to 
have been traced 300 to 5(K) feet, and carries pyrite and free gold. The occurrence 
is of interest as it shows that the quartz veins were introduced subsequent to the 
granite. 

Gold Mmintaiii daimn, — This group is located west of Helm Bay, about three- 
fourths of a mile from tide water. A shaft 1,100 feet above tide water has been 

■ 

sunk to a depth of about 20 feet, and some stripping has been done elsewhere. 
The country' rock is a chloritic schist, which strikes northeast and southwest, nearl}' 
at right angles to the veins which lie nearer to the entrance of the bay. The vein 
exposed in the shaft averages from 2 inches to 2 feet in width. It is irregular 
and sends out many stringers into the country rock. The assays range from $4 
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to several thousand dollars in gold values. Both the hanging and the foot wall of 
the vein have been mineralized, and are penetrated by small quartz stringers. In a 
second opening, about 200 yards to the southwest, a mineralized zone about 10 feet 
wide is exposed, in which there are numerous small quartz veins. The veins and 
mineralized rock carry pyrite, galena, free gold, and some tellurides. Besides the 
quartz, the vein also carries considerable calcite. About $5,000 was taken out of 
one pocket during the sinking of the shaft. The value of the property must, 
however, be sought in gold more evenly disseminated in the mineralized zone, 
and pockets must be regarded as bonanzas. Both systems of veins seem to be 
present. The claims are well located for development. Since the claim was visited 
activities have been renewed and a tunnel has been started which will cut the ore 
body 80 feet below the surface. 

Alaskan Gold Standard Mining Company, — The property belonging to this 
company embraces about 16 claims, which lie on the west side of Helm Bay, while 
the mine proper is about 2 miles south of the head of the bay and half a mile from 
tide water. Messrs. Dyer and Johnson located this property in 1898, and from a 
pocket near the surface took out gold ore which, being treated in an arrastre, yielded 
about $20,000. 

The developments consist of a shaft which follows the vein to a depth of 125 feet, 
a tunnel, and two levels. The plant includes a steam hoist, a 10-stamp water-power 
mill, and concentrators. The mill is connected with the beach b}' an iron tramway. 
There are also a number of substantial buildings, including boarding house and an 
assay office. No work was being done at the time the mine was visited. 

The country rock is a greenstone, both massive and schistose, and made up 
entirely of secondary minerals. The more massive rock is probably an altered diorite, 
and exhibits renmants of porphyritic structure. The secondary minerals are chiefly 
chlorite, calcite, quartz, and muscovite. The vein which has been opened up has a 
width of 7 inches to 5 feet. The vein follows the foliation of the schists, strikes 
about N. 20° W., and belongs to the first generation of quailz veins. The dip is 
85° NE. The foot wall is well defined by a plane of movement along which there 
is a seam of gouge. This movement was subsequent to the first vein filling. After 
the movement a second intrusion of quartz took place, which cuts the first at a con- 
siderable angle. Where the two systems intersect there has been an enrichment. 
The ore is free gold and gold-l)earing iron pyrite with a little galena. The gangue is 
chiefly white quartz, with considerable calcite and some chlorite. The quartz and 
calcite are often intergrown in coarsely crystalline masses. The pyrite is !>oth in 
granular aggregates and in well-formed isolated cubes. The hanging wall of the vein 
is ill defined and has been impregnated with ore-bearing solutions for some distance 
from the quartz vein. It is said to carry values. Time did not permit sampling the 
vem, for the presence of specimen gold necessitated doing the work very thoroughly 
for results of any value. 



60 



THE KETCHIKAN MINING DISTRICT, ALASKA. 



A number of veins have been stripped on adjacent claims which were not visited. 
These are said to strike about north and south. On the same property, about one- 
half mile south of the mine, there are quartz and calcite veins cutting a schistose 
diorite. These veins, which strike about north and south, are from 10 to 14 inches 
wide and carry free gold, with which some tellurides are associated. The values are 
said to run from $5 to $15. 

TONQA88 NARROWS. 

Gim4rral descriptum, — Tongass Narrows is the waterway which separates 
Gmvina from Revillagigedo Island (see PL II and fig. 2). Near its southern end 
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Fio. 2.— Sketch map of Tongam Narrows and George Inlet, showing claim locations. 

Pennock Island divides the Narrows into two channels. The mountains on either 
side rise either directly from the shore line or from a narrow, rocky l)each. They 
are parallel to the channel, and reach altitudes of 2,0()0 and 3,000 feet. 

From a geologic standpoint this region can be considered a southern extension 
of the are^ lying adjacent to Helm Bay. Groenstone-schists outcrop on both sides 
of Tongass Narrows. Under the microscope this rock is seen to be an altered 
diabase. On either side of the greenstone-schist belt are argillites belonging to the 
Ketchikan series. Numerous dioritic dikes cut across the foliation of the schists. 
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which strike northwest and southeast, parallel to the course of the waterway. The 
dips are usually steep and to the east. 

Many claims have been staked adjacent to tide water in this belt, but little 
attempt has been made at development. The ore deposits include mineralized 
zones, which usually lie parallel to the foliatiop, and quartz veins, which cut across 
it. The ore is free gold and gold-bearing iron pyrite. The gangue is usually 
quartz, with some calcite. There seem to be two generations of ore bodies, as in the 
Helm Bay region. The first injection followed the foliation of the country rock 
along lines of shearing, while the second cuts the first at various angles. As far 
as the evidence goes, it seems that the ore bodies of the second generation are richer 
than those of the first. 

Typhoon claim, — This claim is locuted on the beach near the Spindle, on the 
west side of Tongass Narrows. It is a 6- to 8-inch quartz vein, striking N. 30^ E. 
and dipping 70° SE. It cuts across blue and green clay slates, which strike N. 60° 
W. and dip 60° NE. The ore is a white quartz, with iron pyrite disseminated 
through it. 

Tongam claim, — This is 200 feet south of the Typhoon. The vein is about 12 
inches wide, strikes N. 40° E., and dipsNW. It cuts across the slates, and is similar 
in character to the Typhoon. The ore is iron pyrite in white quartz. 

About a mile southeast of this claim, and nearly opposite Wards Cove, is a small 
pit, near the beach, for which no name could be found. The pit is about 6 feet 
square and 6 feet deep, and has been sunk on a quartz ledge. The presence of water 
prevented close examination, but the quartz must be at least 12 inches in width. 
The ore is iron pyrite, and the country rock is a finel}^ laminated green schist. 

Wildcat claim. — This claim is 1^ miles north of Ketchikan and a half mile from 
the beach. The vein occurs in a diorite which is intrusive in black slate and is 
iteelf considerably mineralized. The vein evidently belongs to the second epoch of 
mineralization. It was traced for about 300 yards, and the owners are said to have 
followed its outcrop for 4,500 feet. If this be the case, it is remarkably persistent 
in horizontal extension, which argues well for its continuation in depth. The 
width, where examined by the writer, varied from 12 to 15 inches. The vein itself in 
places splits and is ill defined, but in these cases the wall rock is mineralized. The 
ore carries free gold and iron pyrite, with some copper pyrite. 

The workings consist of a few strippings and a short prospect tunnel. The 
owners, who are men without capital, have shown commendable energy in building 
an arrastre and testing the ore, which is said to yield $20 to $30 per ton. 

A short distance below, on the creek, is a second vein, which carries iron and 
copper pyrite, and which is reported to carry antimony and bismuth. 

To the southeast of this claim and to the east of Ketchikan a number of claims 
have been staked, but no important discoveries have been made and practically no 
development work has been done. Small quartz veins carrying iron pyrite are not 
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uncommon in the greenstone-schists and in the argillaceous and arenaceous schists 
which form the country rock east of Ketchikan. Values of $10 in gold to the ton 
are reported. 

BircUeye claim. — This is located on the beach, on the east side of Tongass 
Narrows, about 1^ miles southeast of Ketchikan, and was one of the first localities at 
which mining was done. The developments consist of a 35-foot shaft, which was 
filled with water when visited. The vein, which apparently consist*; of a series of 
lenticular quartz masses, occurs in a feldspathic rock, which is >>elieved to be 
sedimentary'. The feldspathic sediment lies between a l)elt of black slate and 
chloritic schist which belong to the Ketchikan series. Small stringers of quartz 
carrying pyrite are not uncommon in the black slate. It is said that the ore taken 
out at the Birdseye claim, which was obtained chiefly from the bowlders at the 
surface, N^ielded about $30 in gold to the ton. 

Bell claim. — This claim, located on the east side of Gravina Island, adjacent to 
Tongass Narrows and nearly opposite the south end of Pennock Island, was also one 
of the earliest to be developed. The shaft, filled with water at the time the writer 
visited it, is about 50 feet deep, and a crosscut is said to be 40 feet in length. The 
bed rock is a chloritic schist. The ore bodv seems to have been a mineralized zone 
which carried many small veins of quartz and calcite. The veins cut across the 
foliation of the schist. These veins and blebs carried sulphurets, and the best assays 
are said to have yielded $18 in gold to the ton. The schist, which is itself mineralized, 
it is claimed will run from $1 to $2. 

Ilechman^s claim, — This claim, on Gravina Island, adjacent to Tongass Narrows, 
about 1 mile southeast of the Bell claim, is practically a continuation of the same 
zone. The bed rock is a chloritic schist, with numerous quartz and calcite stringers 
and veins. The development consists of an open cut 30 feet wide, which is more or 
less mineralized throughout. The quartz and calcite veins c*arry iron pyrite. A 
mill test is said to have yielded $3.50 in gold. 

Easier claim. — This is located near the upper end of Gravina Island, not far 
from the Spindle, and about half a mile inland from tide water. The group includes 
three claims, which lie along the strike of the vein. The development consists of a 
pit about 6 feet deep. The ore, which is a gold and iron-pyrite bearing quartz vein, 
with some arsenopyrite, is said to run from $3 to $400 i)er ton. As given by the 
owner the values of one lot of assays mnged from $157 to $301, and of a second 
lot from $7 to $301. The strike of the vein is about N. 70^ W., with a dip of 
70^ N. The vein has been traced for 3,800 feet. The country rock is a much 
sheared clay slate and greenstone-schist, the latter forming the hanging wall. The 
foliation of the schist is cut by the vein, which seems to follow a fissure. At the 
time of the examination the prospect pit was filled with water, but it was stated that 
the vein is divided into two parts by a layer of blue slate. The upper vein is said 
to be 18 inches wide near the surface, and pinches to 8 inches in 10 feet. The second 



I. 



CLAIMS NEAR GEORGE INLET. 63 

vein has been penetrated to a depth of 2 feet, but its bottom has not been reached. 
White quartz stringers occur in the hanging wall, but while these carry pyrite they 
do not seem to carry gold. The best ore is a blue quartz with a gray sulphide, which 
is probably arsenopyrite. 

GEORGE INLET. 

GeiUTdl description. — George Inlet is a deep indentation of the southwestern 
coast line of Revillagigedo Island (see PI. II and fig. 2). The bed rock is chiefly 
black phyllite and slates of the Ketc'hikan series. The boundary of the granite 
of the Coast Range is probably 2 or 3 miles to the northeast of the upper end 
of the inlet. The argillite scries is often graphitic, and usually closely folded. 
Some belts of limestone occur with the Ketchikan series near the upper end 
of the inlet. Greenstones were found not to be so prevalent a rock type as 
elsewhere in the Ketchikan series. Near the entrance the two shores of the inlet 
are formed by granite, which occurs in the phyllites as an intrusive stock. The 
ore deposits are of two classes — first, the gold-bearing veins, and second, the 
galena- and zinc-bearing veins. As far as could be deteniiined from the limited 
exposures, both classes of veins cut the foliation of the country rock. At only 
two localities has any prospecting l)een done. 

TeUgrapli group of dmnis, — These claims are located on the west side of 
George Inlet, about 6 miles from Tongass Narrows. When visited no. one was 
at the claims, and all of them could not be found. The country rock is for the 
most part a graphitic schist, associated with some diabasic schist. The quartz 
veins are well defined, cutting in an east- west direction across the foliation of the 
schists. The claims lie within \\ miles of the beach, and some of them are as 
high as 1,000 feet above tide water. The largest vein visited had a width of 12 feet 
and carried pyrite. Most of these veins also carried considerable argentiferous 
galena. A monster vein which is said to have been found in this region could 
not be visited. It is said to run $4 to the ton. 

Mr. James I^wdcn, who is the locator of this group, informed the writer 
that the average mineral values of these claims was about $12 to the ton, the 
gold contents varying from $2 to $0, the rcmainmg values being in silver. The 
claims are well located for development, and there is ample water power near 
at hand. 

Ashe's claim, — ^The name of this claun was not learned, so it is given under 
the name of the locator. It is on the beach on the west side of George Inlet, 3 
miles north of the Telegmph group. The country rock is quartzite and quartz- 
schist, carrying considerable graphite. . 

A short tunnel exposes a minemlized zone of irregular extent, with a 
thickness of 2 or 3 feet. This shear zone is parallel to the foliation of the schist. 
Fifty feet above this tunnel is an open cut which exposes another shear zone. 
This minemlized shear zone is 2 feet 8 inches in thickness, and cuts the foliation 
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of the quartz-acbi^t ut an angle of about tiU". The bed rock is nearly horizontal, 
dipping to the north. The uhear zone in the cut has well-marked fault planes, 
and there ia apparently some breeciation. The ore is galena and zinc blende. 

THORN E AKU. 

GenenU description.— "Die. upper end of Thome Arm (see PI. 11 a.id fig. 3), 
an embayment which cute into the southern shore of Kevillagigedo Island, has been 




Pia. S.— Skeleb map of Thome Arm, shoirlng claim Inotloni. 

the scene of considerable mining aetivity. The inlet has a northerly-southerly 
course, transverse to the general trend of the adjacent mountains, which rea<^h alti- 
tudes of 2,000 to 2,500 feet Except at the delta mouths of some of the larger 
streams the shore line is abrupt and rocky. 
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The salient features of the geology are not complex, though but little is 
known of details. The western boundary of the Coast Kange granite belt lies 
within a few miles of the upper end of Thome Arm (see geologic map, PI. II). 
To the west of the granite are the rocks, of the Ketchikan series, which form the 
country rock of the upper half of the inlet. The sediments of this series are 
argillites, with some limestones. Both the phyllites and the limestones are consider- 
ably altered, and, as this metamorphism increases as the granite is approached, 
the alteration may be assigned to the contact metamorphism as well as the 
mechanical deformation caused by the intiiision of this vast granite mass. A num- 
ber of smaller granitic stocks oc<?ur within the sedimentary belt. Most of them 
are too small for representation on the accompanying map (PL II), but one at the 
entrance to Thorne Arm covers a considerable area. 

The Ketchikan series is typically made up of argillaceous and calcareous sedi- 
ments, but in the Thorne Arm region it includes large amounts of igneous rocks. 
These are for the most part greenstone-schists, occurring as intercalated bands which 
have suflFered the same deformation as the sediments. In many cases the igneous and 
sedimentary rocks are so intimately associated that it would be impossible to define 
their separate areas even with the most detailed work. The greenstone-schists are 
plainly igneous, and are chiefly altered diabasic rocks. Similar sheared greenstones 
also occur in belts, sometimes half a mile or more wide, in the Thorne Arm region. 
Massive dioritic rocks occur as more recent intrusions. These cut both the sedi- 
ments and the greenstone-schists. Dikes of a bluish porphyritic rock form another 
series of intrusions, which are of great economic interest because of their intimate 
association with some of the ore bodies. These dikes were found cutting the 
greenstone-schists which form the country rock on some of the claims at the upper 
end of Thorne Arm. In the hand specimen this rock shows rounded porphyritic 
crystals in a bluish-gray groundmass. The more weathered varieties have a reddish 
color. The original character of this rock could not be determined, as it was only 
found in association with ore bodies and where it had been permeated with the ore- 
bearing solutions. In thin section the phenocrysts (porphyritic crystals) were found 
to be made up entirely of secondary minerals, chiefly quartz and calcite, with some 
muscovite. The groundmass (cement) consists essentially of a finer aggregate of the 
same minerals, together with various other secondary minerals, such as epidote and 
biotite No specific determination of this rock could be made, but it is prolmbly 
an altered aporhyolite. In the following description it will be convenient to use 
the miners' terminology and refer to it as porphyry. Some basaltic rocks carrying 
the silicate mineral olivine, which are apparently surface flows, were observed in the 
vicinity. The areas occupied by these rocks are too small to be represented on 
the geologic map. 

The mineral values of the Thorne Arm region lie in its gold- and silver-bearing 
quartz veins. The veins, which cut across the foliation of the country rock, vary in 
9210— No. 1—02 ^5 
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trend from N. 20*^ to 45^ E., and are usually persistent, with well-defined walls. 
They carry free gold, gold-l)earing pyrite, and galena. Some are said to carry 
sphalerite, though this mineral was not observed b}- the writer. The gangue is 
usually (juartz, with some culcite. While there are some very good prospects in the 
Thorne Arm region, there are man}" pyriUv-(»arrying veins which conUiin only very 
small values. 

Sea Level mine, — This proj^erty, which was among the first to l>e developed in 
the district, is located on the eastern shore, at the upper end of Thorne Arm. The 
country rock is chiefly greenstone-schist. It is made up of actinolite, chlorite, and 
quartz, often contains also garnet and some calcite, and is always impregnated with 
considemble pyrite. This altered igneous rock is associated with sedimentary rocks, 
which are chiefly calcareous schists. The strike of the bed rock is from north to 
N. 20^ W., and the dip of the foliation is variable, but is most often steep to the 
northeast. 

The ore at the Sea Level mine is found in and near two parallel veins which 
follow a 2o-foot intrusive dike of bluish porphyry. In the area examined the veins 
do not leave the dike, which cuts across the foliation of the countrv rock. The 
course of the dike is about N. 40^ E., and its dip, together with that of the quartz 
veins, is about 80^ SE. The veins are not quite parallel, the average distance 
between them in the first level of the mine being probablv 15 feet. Near the shaft 
the easterly vein is about 5 feet wide, the westerly about 2 feet wide, but these 
dimensions do not represent the full width of the ore bodies, as the dike rock is 
itself heavily mineralized and carries gold values near the vein. The quartz veins 
themselves are well defined, but send numerous oflfshoots into both walls, which 
accounts for the dike l)eing more or less minemlized throughout its extent. How- 
ever, it is said to carry counnercial values near the vein only. Some of the quartz 
stringers penetrate the chloritic schists which fonn the walls of the dike, and, while 
they <!ontain pyrite, it is said that they carry no gold values outside of the i3<3rphyry. 
The quartz veins themselves do not seem to have suffered deformation, except near 
the north end of the claim, where the quartz is somewhat crushed. The dike and 
veins are traceable by surface outcrops for about 1,200 feet on the Sea Level claim, 
and the same zone of minei'alization extends northward into the Sea Breeze property. 

The ore is free gold, gold-bearing iron pyrite, and galena. The gangue is 
usually white quartz, with occasionally some calcite. The pyritt* oi'iuirs as well- 
formed isolated cubes and as granular aggregates. In the latter form it seems to 
carry the higher gold values. The preliminary development of the mine has yielded 
a good deal of specimen gold. The average of the ore bod}' is said to run $5.85 in 
gold values, but it is not uncommon to get assay returns of $20 to $30. The con- 
centrates are said to run from $300 to $500 a ton. Some fmgments, chipped 
more or less at random from the vein by the writer, were assayed by Dr. E. T. Allen, 
of the Geological Survey, and found to contain $65.12 in gold and 3.25 ounces of 
silver to the ton. 
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The development at the time of visit consisted of a small steam hoist over a 
shaft 125 feet deep, with tunnels 400 and 500 feet in length, respectively, at the 50- 
and 125-foot levels, both having several crosscuts. Besides the underground work- 
ings there were also some open cuts at various points along the outcTop of the vein. 
The results of this development seem to have satisfied the owners that they were war- 
ranted in making a considerable investment, as they are now installing the most 
extensive mining plant in the Ketchikan district. According to latest reports 
the shaft is being enlarged to a 3-compartment working shaft. The collar of this 
shaft is about 100 feet above tide water. The steam hoisting equipment has been 
installed and a 80-stamp mill has been erected on the beach, together with an ore 
crusher and 6 Frue vanners. The stamp mill is connected with the shaft b}"^ a mil 
tramway operated by gravity. The power for the mill is furnished by 6 pelton wheels 
of diflFerent sizes, the water being brought from the falls a mile distant. . 

Sea Breeze dmm, —This vein is a northeasterly extension of the one alread}' de- 
scribed, and can be traced almost continuously through the two properties. Near the 
southern end of the claim the vein is faulted about 10 feet. The workings consist of 
one open cut. The country rock at the cut is a greenstone, similar in character to that 
at the Sea Level, only more massive. The vein is 6 to 7 feet wide, and carries iron 
pyrite, gold, and some galena. Where the sulphurets are plentiful the vein carries 
high values. The gangue mineral is chiefly quartz. The porphyiy in this case occurs 
only to the southeast of the vein, while on the northwest it comes directly in con- 
tact with the greenstone-schist. In this respect the Sea Breeze vein differs from the 
Sea Level, where the porphyry forms the casing. No definite information was obtained 
in regard to values, but it is reported that while there is some rich ore the values 
are more spotted than on the Sea Level claim. 

Golden Dredia clahn, — This claim is about a mile from the beach, and adjacent 
to the Sea Breeze. The vein is nearly 20 feet in width, and is made up of white 
quartz and calcite, carrying some sulphurets. It seems to be a large lens, which 
pinches out, and extends as smaller quartz lenses that carry pyrite and zinc blende. 
The country rock is greenstone-schist. It has been traced on the surface about 
300 feet by the outcrop of a succession of lenticular quartz masses. The strike is 
N. 70^ E., and the vein cuts across the foliation of the schist. Assays are said to 
have run as high as $4 in gold. 

Mother Lode dmm, — This vein runs about N. 25° E., and consists of 8 feet of 
glassy quartz, which carries pyrite and a little gold. Picked samples gave assay 
values of about $30. The claim lies adjacent to the Sea Level claim, and the vein 
has been traced 400 to 500 feet. The country rock is diabase-schist and quartz-cal- 
cit€-schist. 

Golden Tree claim, — This claim, which has received but very little development, 
is located on Gokacheen Creek, about a mile from the beach. It consists of a series 
of lenses that carry small pockets of gold, some of which run very high in gold 
values. The quartz veins are about 6 inches in width, and cut across the foliation 
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of the country roi^k, which is quartz-calcite-schist. The strike of the vein is about 
N. 70^ W. 

Tide Water clniin, — This is a well-defined vein, 18 inches in width, situated close 
to the Golden Tree. It cuts diabase-schist, and carries a small amount of free gold. 

Momfer dmiit, — The ore })ody is a large pegmatite dike, having a width of 12 to 
20 feet. It has been regarded as a quartz vein by the prospectors, but under the 
microscope is seen to be made up of an intergrowth of quartz and feldspar. Pyrite 
is everywhere disseminated through it, but its gold values are said to be very low. 
The wall rock is a diabase-schist. Near the contact the schist itself carries consider- 
able pyrite. 

Keystone claim. — This claim lies to the east of the upper end of Thorne Arm. 
Unfortunately the writer was unable to visit it. It is said to be about 1^ miles from 
the beach, and to carry pyrite, galena, and zinc blende. The country rock is granite, 
and the vein is said to te 5 feet in width and to have been traced 150 to 200 yards. 
The assays are said to show a gold content of $12. Since the writer visited the 
region the Ketc^hikan Gold Company, after fuilher prospecting, has undertaken 
the systematic development of this claim. 

SEAL BAY AND DALL HEAD. 

General description. — Considemble prospecting has been done in a copper-bearing 
region lying near the southern end of Gnivina Island, where the first discoveries were 
made in 1898. The prospects of this locality are divisible into two groups, one lying 
adjacent to Seal Bay, the other near Dall Head. As the geologic conditions are the 
same in both regions they will 1x5 desi^vibed together. 

A bold ridge, with a north-south trend and an altitude of 2,000 feet, stretches 
along the western shore of Gravina Island. Near the southern end of the island 
this ridge impinges on a group of mountains which trend northeast and southwest, 
parallel to the southeastern coast line of the island. The mountains in this second 
group have very abrupt slopes. Though time did not permit the study of the struc- 
tural features of these mountains in detail, their outline and their relation to the 
north-south ridge are strongly suggestive of considerable faulting, especially as small 
faults. are of verv common occurrence. 

Seal Bay is a minor indentation of the southeastern coast line of the island (see 
PI. II and fig. 4). At low tide a reef of rocks almost completely cuts oflF the bay 
from the strait. At high tide there is no shelter from the southerly storms which 
sweep northward from Dixon Entrance. Dall Ba\% a few miles to the south, is. a 
deeper indentation, and has a small, fairly good harbor. Some claims have also 
been opened up on the Clarence Strait side of the island, nearly due west from Dall 
Bay. Although the coast line is there very irregular, there is no shelter except for 
small boats. 

The bed rock of this region is chiefly greenstone-schists, which are intruded 
into a calcareous series. Both the igneous and the sedimentary rocks have been 
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intensely folded. The calcareous beds, which are in part of Devonian age, have 
been provisionally assigned to the Vallenar series. This correlation has been made 
on a very slender foundation of fact, and may eventually be overthrown. 

After the deformation of the calcareous schists and greenstone-schists, a consid- 
erable injection of pegmatite in the form of large dikes took place. This intrusion 
was succeeded by a period of erosion, when heavy conglomerates were deposited 
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Pig. 4.— Sketch map of Seal Bay and Pali ITead. showing: claim locations. 

unconformably on the schistose rocks. With the conglomenites there are some black 
slates, and these detrital beds have been named the Gravina series, and are lielieved 
to be Mesozoic. The rocks of the Gravina series have also suffered intense deforma- 
tion and arc clasely folded and faulted. The strike is usually about north and south 
and the dip steep toward the east. 
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The ore bodies are found along zone.s of hrec(^iation, which most commonly occur 
near the contact of the pegmatite and greenstone-schists. In these zones the country 
rock has been broken by fault movement. The brecciated zones have been pene- 
trated by the mineralizing solutions which have recemented the broken rock. 

The ore is chiefly chalcopyrite, usually accompanied by considerable pyrite, and 
usually carrying some gold values. The gangue is chiefly quartz, often with some 
jasper or calcite. Sphalerite (zinc blende) is commonly associated with the copper 
pyrite. The ore bodies include some small veins which are very rich and some 
large deposits which are of low grade, but are probably more uniform in their mode 
of occurrence, and therefore of greater importance from a commercial standpoint. 
During a rather hasty visit the writer found only a few of the owners or their 
representatives at these properties, and their absence prevented a study of many of 
the occuiTences with as much thoroughness as their importance demanded, and also 
precluded the collection of exact information in regard to values. 

Seal Bay, — Two test pits have been sunk on the beach close to tide water. The 
more westerly one is in a green, contorted schist which carries some pyrite. The more 
easterly is in a mineralized pegmatite which carries copper pyrite with a quartz and 
calcite gangue. 

Bay Vieic claitus, — The^e claims are about a half mile to the west of Seal Bay. 
At No. 2 an open cut of 20 feet exposes a dark-green diabase-schist, and, next to and 
grading into it, a brecciated form of the same rock, which has been recemented by 
quartz and some calcite. With this infiltrated quartz occur iron and copper pyrite 
and some bornite. The mineralization occurs at intervals for 30 to 40 feet. At the 
No. 3 claim of this group there is a 20-foot drift. The bed rock is a dark-green 
schist, which is slickensided and brecciated, with a recementation by ore-bearing 
solutions. One fault zone runs N. 30^ E., another about N. 60^ W. The ore from 
this locality is copper and iron pyrite,' with some zinc blende. The drift was driven 
along a vein carrying pyrite, about a foot in width, which runs about N. 60^ W. 
The Bay View claims belong to the Victory Mining Company. 

War Eagle cluim, — At this localit}'^ there is a vshaft, probably 40 feet deep, and 
near at hand two tunnels, which are about 100 feet apart vertic^illy. The country 
rock is a greenstone-schist, which has been sheared and brecciated, and the ore occurs 
along the shear zones. Near the breast of the lower tunnel about 3 feet of the breccia 
and ore are shown. The strike of the vein is approximately N. 30^ E. The fault 
plane dips about 85° E. and is approximately parallel to the strike. The ore is a 
chalcopyrite and is said to carry gold values. This claim, together with the Big Joe, 
where an open cut exposes the extension of the same mineral-bearing zone, belongs 
to the Patterson Company. The same company also owns the Hobo claim, which 
joins the War Eagle on the west. The latter was not visited. 

QroW) claim. — This claim, together with the O'Brien, Trio, and the Big Three, 
which lie to the north, belong to the Victory Mining Company. When the exami- 
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nation was made there was no one on the property, hut since then developments nave 
been actively pushed. 

The mine workings were found to consist of a tunnel a)>out 100 feet long, located 
alx)ut 6(K) feet above tide, and a second tunnel, 50 feet higher and 30 feet long. The 
lower tunnel cuts across the foliation of the greenstone-schist which forms the coun- 
try rock. The greenstone-schist is all somewhat mincmlized, but probably does not 
carry values, except along shear zones, where the minemlization has l)een more 
intense. These shear zones occur at irregular intervals in the inner 30 feet of the 
tunnel, which is near a mass of intrusive ];>egniatite. The upper tunnel has pene- 
tnited a bre<^ciated greenstone-schist, whi<*h is more or less mineralized for the full 
length of the tunnel, or al>out 30 feet. 

Since our examination the lower tunnel has })een driven 100 feet farther, and the 
company is reported to be now drifting on the ore l)od3\ 1^ would seem from this 
that the writer's observations were at fault and that the minemlized zone observed 
at a depth of 100 feet in the lower tunnel was not the same ore body which is 
exposed in the upper tunnel. The company reports the lead to be 25 feet wide 
where the tunnel intersects it. The croppings average 11 per cent copper acToss 5 
feet. The walls of the ore body where the drift is l)eing driven are said to be well 
defined. About one-fourth of a mile in a northerly direction from the lower tunnel 
a small shaft, probably 50 feet deep, had been sunk, at the time of our visit, in some 
mineralized schists. 

Jurnho claim. — This is about half a mile from the l)each and not more than 50 feet 
above tide water. A small crosscut exposes 5 to 10 feet of a zone in part heavil}' 
mineralized with copper and iron pyrite. In its occurrence it is similar in character 
to the ore bodies already descriljed. The opening is in a flat, and there are no 
outcrops in the vicinity. 

RoHdand and Deer Park Mining Cmnpany, — The claims belonging to this com- 
pany are adjacent to Dall Ba}-. The company has erected several substantial 
buildings and has sunk two shafts, with crosscuts, and a number of test pits. The 
two shafts are in the southern corner of Dall No. 4. One is located just at tide 
water, and said to be about 30 feet deep; the other is 20 feet higher, and 50 or 60 
feet deep, with a crosscut at the bottom. Both of these shafts were filled with water 
when visited. The d(>eper shaft is provided with a steam hoist. The ore observed 
on the dump is chalcopyrite, with (juartz gangue. The waste dump contained 
fragments of mineralized pegmatite and also of chloritic greenstone-schist. About 
50 feet to the east of the shaft is an outcrop of brecciated porphyry. 

In a small crosscut located on Dall No. 5, near the mess house, is exposed a red 
pegmatitic rock. Close at hand is a mass of diabase-schist. The pegmatite is more 
or less mineralized. 

It was very unfortunate that the mine workings were not accessible when visited. 
The interruption of the development of the property was because of a lawsuit. 
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Enough was seen by the writer to convince him that the ore body in its general cnar- 
acter is similar to those which have been described in adjacent localities. The position 
of the ore body makes it more difficult to work than those where the topographic 
conditions permit of crosscutting by tunnels. 

The writer is indebted to Mr. C. H. Hunt, manager of the Rossland and Deer 
Park Mining Company, for the following information, which is extracted from a 
letter dated Portland, Oreg., December 27, 1901: 

"'I regret that no one representing the interest of the company was on the 
ground at the time of 3'our visit, as the real merits of the propert}' could be shown 
only by one familiar with the ground, to point out the places where the ledge is 
exposed for a distance of several hundred feet from the beach in a northerly direc- 
tion. There are also several places where considerable prospecting has been done 
other than at the shafts which 3'ou visited. At all the points where prospecting has 
been done on this ledge the same chara<;ter of ore has been found, showing that the 
ore body is continuoas. * ♦ * 

"From the many assays made from time to time, values were shown in gold, 
copper, and silver, fluctuating sometimes as high as 30 per cent copper, $10 in gold 
and $S in silver. This showing was from ore taken from the ore shoot, the same in 
both shafts, beginning at the surface, gradually increasing in strength to the depth 
of 60 feet in one shaft and 100 feet in another. In the latter a crosscut was run at a 
depth of 90 feet a distance of 25 feet, showing a defined ledge thoroughly mineralized. 
In the pay shoot, which is 3 feet wide, the ore is highly mineralized. As I have 
stated, the values change, but a careful estimate made from the whole shows an 
average of 11 per cent copper, $6 in gold, with slight values in silver.'' 

Wmhmgtfm elarm, — This is located about three-fourths mile west of Dall Bay. 
A prospecting drift about 20 feet long is the only development work. The country 
rock is a reddish pegmatite, which is cut b}' a diabase dike and rendered more or 
less schistose. The diabase in this instan(*e is plainly the later intrusion. The 
relations between the acid and basic rocks in this locality seem to be diflFerent from 
those studied elsewhere. The mineralized zone occ*urs along the cxjntact of the 
diabase and the pegmatite, along which there has been shearing, and l)oth rock 
masses have been more or less brecciated. In this brecciated zone some iron and 
copper pyrite is developed, with quartz and jasper gangue. 

Apex (fvoup. — This group, embracing about a dozen claims, lies a mile to the 
north of Dall Bay. The highest is on the top of the mountain, 1,000 feet above 
tide water. The ore bodies contain chalcopyrite with zinc blende, and often carry 

gold values. 

On the Concord No. 2 a tunnel has been driven for ar)out 10 feet. The ore 
is mineralized breccia, occurrmg at the contact of coarse pegmatite and banded 
green schist. It contains chalcopyrite, with quartz and calcite gangue and a little 
manganese. 

The uppermost claims of the group, Concord Nos. 3 and 4, are near the top of 
the mountain. These deposits lie at the contact of the greenstone-schist and 



\^ 



DKVELOPMENTrf ON VALLKNAR BAY. 73 

pegmatite. The rocks dip steeply 80^ SE. One open cut shows 2 feet and another 
18 inches to 2 feet of pyrite and zinc blende. The veins cut the greenstone-schist. 
The walls of this latter vein are silicitied. 

On the Blue Jay claim of this group a tunnel has been driven about 50 feet. 
The tunnel intersects some brecciated zones near the contacts of greenstone and 
pegmatite, along which mineralization has taken place. 

At the Old Man claim a mineralized zone several feet in thickness, carrying 
copper pyrite, is exposed in a small open cut. It is in a brecciated zone and carries 
considerable zinc blende. 

A quarter of a mile to the east of the Old Man is the Sunrise vein, which has a 
thickness of 12 to 18 inches. It has been traced on the surfacte for several hundred 
feet. Its strike is N. 75^ W., dip S. 8(P. Near the contact with the greenstone- 
schist the country rock is a pegmatite. This vein seems to be better defined than 
many of the others, and shows a beautiful mass of chalcopyrite ore. The ore is said 
to carr}^ values of $72, which is chiefly in copper, with a little silver and gold. 

Grenadier dmm, — This property is located al>out 1 mile west of the upper end 
of Dall Bay. A prospecting cut about 10 feet deep shows greenstones, schists, and 
pegmatite more or less brecciated near the contact. Some minemlization has taken 
place along the shear zones. 

Erharfn claim, — This locality is on the west side of Gravina Island, nearly 
opposite Dall Bay. The name of the claim could not be learned, so it has been 
designated b}' the name of the owner. An open cut has exposed a small vein, 
which is apparently in a shear zone of porphyritic rock. The mineralization extends 
over a width of 4 to 5 feet, but the richer parts of the vein are less than 2 feet in 
thickness. The vein is rather ill deflned. The ore is copper pyrite. 

Starlight chtim, — This lo(*ality is half a mile to the east of Erhart's claim. Here 
a tunnel has been opened up for al)out 50 feet. The ore Ixxiy occupies a brecciated 
zone about 3 feet in thickness in a poi*phyritic rock. The ore is chiefly chalco- 
pyrite, with calcite and quartz gangue. 

VALLENAR BAY. 

General description, — Vallenar Bay is an embay ment in the northwestern shore 
of Gravina Island (see PI. II). It affords good shelter from southerly storms, but 
is not protected from the north or west. Some developments have been made on 
the ba}'^ at the Six Point property, and some at a locality about 3 miles south of 
the bay, lying adjacent to the strait. The bed rock of the shores of the bay 
includes some limestone and quartzite, probably of Devonian age, overlain by 
fragmental rocks which are probably tuffs, associated with carbonaceous slates. 
These beds have been grouped together and called the Vallenar series. 

The so-called Six Point propert}^ has received some development, but has appar- 
ently been abandoned. The workings consist of a three-compartment shaft and some 
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drifts, which were filled with water when visited. As far as eould l)e determined, 
the ore bod}^ lies along the eontjict of a slaty limestone and quartzite and an 
intrusive rock. The intrusive is considerably altered, but seems to have been of a 
diabasic character. Along this contact there has been considemble shearing and 
brecciation, and subsequently mineralization has taken place. The ore is chiefly 
pyrite and the gangue chiefly quartz. 

At a locality about 3 mile^ south of Vallenar Bay, on the west coast of Gravina 
Island and 200 yards from the shore, a tunnel has been driven alx)ut 50 feet. 
This tunnel follows a shear zone which is in part mineralized. A vein carrying 
quartz and pyrite seems to be continuous in this mineralized zone, but swells out 
and narrows down, leaving a series of lenses connected by ver^^ small veins. At 
the face of the drift the vein is about 2 Miches wide. The countrv rock on both 
sides of the vein is a sheared diabase, intrusive in graphitic slates, which are exposed 
close by. The mineralization is not entirely confined to the vein, but also perme- 
ates both walls of the diabase-schist. The name of this claim was not learned. 

NIBLACK ANCIIORAGK. 

General description, — Niblack Anchorage is an almost landlocked harbor on 
the southeastern coast of Prince of Wales Island, and is connected with Moira 
Sound by a waterway which permits of the enti'ance of the largest ships (see PL 
II and fig. 5). It is bordered on the north and south b}'^ mountains, which rise 
abruptly almost from the water's edge to altitudes of 2,000 and 2,500 feet. The 
bed rock along the shores is chiefly of igneous origin, but has suflFered intense 
deformation, being rendered schistose, and in man}' wa^'s resembling sedimentary 
beds. These igneous rocks are intrusive in the Wales series, which in adjacent 
regions consists chiefly of white crystalline limestone. The limestone itself is 
found to the north and south, but does not outcrop near the anchorage. Imme- 
diately north of Niblack there is a belt of siliceous schists, which are also a part 
of the Wales series. Greenstones outcrop on both shores of the inlet. In their 
more maasive phases these rocks are dioritic in character, while the schistose 
phases are made up chiefly of chlorite, ac^tinolite, and quartz, with other secondary 
minerals. The greenstones are believed to be intrusive in the sedimentary beds. 
To the south of this greenstone-schist bolt is a zone of quartz-sericite-schist, whose 
southern boundary was not determined. These quartz-sericite-schists are t^^pically 
bluish white, but near their contact with the greenstone-schist they contain consider- 
able chlorite, and then it becomes difficult to distinguish the two rock types. The 
intrusive character of the sericite-schists in the greenstones was definitely estab- 
lished. The sericite-schist is believed to be an altered rhyolite. The strike of the 
foliation of the schists is northwest and southeast, and the dip predominantly 
steep to the southwest. 

The ore bodies occur in both the greenstone-schist and the quartz-sericite- 
schist, and include veins and minei*alized zones. The former veins carry the richest 
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ore, but the mineralized zones are more extensive and are probably of greater 
commercial importance. Both forms of de[X)sit are, however, sometimes found in 
the same ore body. The ore is covelljte, chalcopyrite, iron pyrite, gold, and a 
little galena. While they are primarily copper deposits, they often contain such 
large gold values that they could be worked for gold alone. 
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Fig. 6.— Sketch map of Kitkun Bay, Dolomi, North Arm. and Niblack Anchorage, nhowing claim locations. 



Lookout group. — This is a group of six claims, controlled by one company, 
which lies to the south of and adjacent to Niblack Anchorage. The ore deposits 
on these claims are all similar in character, being mineralized quartz-sericite- 
schists, which carry a considerable percentage of copper pyrite and also of gold, 
together with iron pyrite. The chai-acter of this quartz-sericite-schist has already 



78 THK KETCHIKAN MINING DI8TBICT, ALASKA. 

grccn»tonc-HchiHt. A zone of iron and copper pyrite about a foot in width is 
cxpoHed in tho tonnel, and is said to esLvry $5 in gold and copper values. Another 
zone, about 8 feet in width, carries chiefly iron p^^rite. A second mineralized zone 
is said tr> oamr on the same claim. 

NORTH ARM OP MOIRA SOUXD. 

General description, — This is an indentation of the southeastern coast of Prince 
of Wales Island, situated just north of Niblack Anchorage (see fig. 5). A belt 
of limestone associated with intrusive greenstones is found outcropping on both 
shores of this arm. The general strike is in a northwesterly direction. South 
of this limestone belt is an area of granite. The greenstones are usually schistose, 
though sometimes massive. The limestones belong to the Wales series, and the 
greenstones are intrusive in them, and both have been closely folded. Massive 
dioritic rocks also occur in some abundance. The ore bodies are of two types: 
First, quartz veins, which carry gold values, and which cut chiefly the dioritic 
rocks, but also cut the granite; second, veins found in the limestones. The ores 
of these are chiefly galena, sphalerite (zinc blende), and some copper pyrite. At 
one locality chalcocite was found. 

Ilomestake claim. — This is located about 1^ miles to the south of the North Arm. 
The developments consist of an open cut. The country rock is an altered granite, 
which is cut by a porphyritic dike, andesitic in character. The ore body consists of 
a zone 6 feet in width, in which are small stringers of quartz carrying iron pyrite. 
These small veins are usuall}' less than 1 inch in width, but widen out to 3 or 4 
inches in places. The rock itself appears to be mineralized. No data were obtained 
in regard to the values, which are probably all in gold. The claim is located about 
1,200 feet alwve tide water. 

BkiAhird and Littla Annie cluim^. — These claims are about li miles to the 
south of the Homestake. They were not visited, but the following information 
was obtained from Mr. John G. Westlake. The ore is said to occur at a contac^t 
of chloritic schist and granite. The ore body consists of 5 or 6 feet of smoky vein 
quartz, and assays show it to run $40 to $60 in gold. A specimen obtained from 
Mr. Weiitlake carries visible free gold. 

Hope claim, — ^This claim is about half a mile northwest of the North Arm. 

» 

The country rock is a porphyritic diorite, very highly silicified. A tunnel about 
20 feet long has been driven on the vein, which consists of white quartz con- 
taining irun pyrite, some free gold, and a little chalcopyrite. The vein is about 
2 feet in width at its widest part, but it narrows down again to a few inches and 
then broa<lens out. Two systems of jointing determine the position of the quartz 
veins. Near the surface an assay of the vein showed $40 in gold. This vein 
occurs in a shear zone which cuts the foliation of the country rock. Two hundred 
feet above the tunnel is a small exposure of granite 12 feet or more in width, 
which is said to carry gold values as high as $38 to the ton. 
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Excdsiftr clahn. — This property is about 1 mile to the west of the head of North 
Arm, near Mineral Lake. It consists of a mineralized zone, 10 to 12 feet wide, in 
white crystalline limestone. This mineralized zone contains two veins of iron and 
copper pyrite, one about 2 feet and one a}K)ut 3 feet in width. One hundred yards 
bej^ond the first exposure a crosscut oj^ens up the same vein with a width of 3 feet. 
The ore is iron and copper pyrite. The limestone lying adjacent to the ore shows 
evidence of faulting^ and shear zones. 

Ve^ta claim, — ^This is loi*ated about 2 miles to the west of the North Arm, on 
Mineral Lake. A tunnel 30 feet in length has been driven in white crystalline 
limestone. The ore bod}' is a mineralized chloritic schist, which is contained 
between limestone walls. The ore is iron and copper pyrite. 

Frisco claim, — This property is about 2 miles farther west and half a mile from 
the western end of Mineral Lake. It consists of a mineralized zone 8 feet wide, 
carrying zinc blende, iron and copper p^n'ite, and galena. It has been stripped at 
several places. 

DOTXJMI. 

General description, — Under this heading the mining region adjacent to the 
town of Dolomi will be considered. The town of Dolomi, which included a store, 
a small wharf, sawmill, and post-office when visited, is well located, on Johnsons 
Inlet, a minor indentation of the eastern coast line of Prince of Wales Island, which 
affords a fair anchorage (see PI. II and fig. 5). The ore bodies thus far discovered 
nearly all lie in the drainage basin of a stream which flows into the head of the 
inlet. Several lakes drain into this stream. The valleys are broad, and the moun- 
tains, which rise to 1,8(X) feet, have rather gentle slopes. The shore line and 
the surface are less rugged than in districts previously described. The rocks are 
chiefly limestones containing some magnesia, usually highly crystalline, striking in 
a north westerly -southeasterly direction. These limestones, with which some 
graphitic phyllites are asscK'iated, belong to the Wales series, and are probably 
coextensive with those of Kitkun Ha\', an arm of Cholmondeley Sound, which lies 
to the northwest. They also form a part of the same l)elt which has been described 
in the region of the North Arm of Moira Sound. The series is closely folded, and 
contains many intrusive greenstones, which haye been usuallj^ rendered schistose. 
Lithologically the limestone varies from a blue, semicrystjilline rock to one which 
is white and coarsely crystalline. The ore IxKlies of this region were among the 
first to be exploited in the district, the first prospecting work having been done 
in 1898. They are <}uartz veins which cut the foliation of the countr}^ rock, and 
must be tor the most part regarded as true fissure veins. The ores, which are 
free milling for the most part, carry gold, iron pyrite, galena, and sometimes 
chalcopyrite and tetrahedrite (gray copper). In the Golden Fleece mine the 
relation of the ore body to the country rock suggests that the vein may be in 
part a replacement. 
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SaJwmi clahi, — Thi.s is located about a quarter of a mile north of Dolomi. 
The vein has been opened up by a small crosscut and a prospecting pit. The wall 
rock is crystalline limestone, which is much sheared. The vein is 5 feet wide at 
the surface, and pinches down to 1 foot at the l)ottom of the pit. The gangue is 
chieflv bluish quartz, and carries free gold, iron pyrite, and galena. The average 
assay is said to run $8 to the ton, the lowest being $4 and the highest $22. 

Beauty clmmn, — This group includes two claims about half a mile north of 
Dolomi, lying adjacent to the Salmon claim. Beauty No. 2 shows a mineralized 
quartz vein, 12 to 18 inches in thickness, in a micaceous limestone. The vein carries 
pyrite, and is said to carry gold. The strike is N. 20^ W., the dip 30^ SW. The 
development consists of two shafts, 45 feet deep, with a connecting drift, which 
were filled with water when visited. The vein carries tetrahedrite, in which the 
silver is said to be the main value. The wall rock is a crystalline limestone. The 
gangue mineral is chiefly quartz, and the vein carries a little copper pyrite. Assays 
are said to have shown values of $600 in silver and $20 in gold. These values are 
said to continue in depth. The silver seems to decrease in depth, and the gold to 
increase. The strike is N. 20° E., the dip 30° SE. 

Triangle No, 2 claim, — This claim lies adjacent to Beauty No. 1 on the north. 
A quartz vein 4 to 5 feet in width is expovsed in a pit, in which the quartz is inter- 
banded with crystalline limestone. The mineralization seems to be confined chiefly 
to the bands of quartz. The strike of the vein is N. 40° W., the dip 35° NE. The 
gangue minerals are quartz and calcite, which form a coareely crystalline inter- 
growth. Values are reported as high as $40 to the ton. 

Welcome claim. — This lies adjacent to the Triangle on the north. A small pit 
has been sunk at a contact of limestone and graphitic schist, where there is a 
shear zone which has been mineralized. Both the graphitic schist and the lime- 
stone are silicified. The vein carries pyrite and is said to carry free gold. 

Fortune clalin, — This property lies near the «outh end of James Lake. There 
are three veins; one is well defined and is about 2 feet in width, the others are 
about 1 foot and about 18 inches in width. They are separated by the country 
rock, which is a graphitic schist. Smaller veins cut across the larger ones. The 
gangue is chiefly quartz, and the ore for the most part is tetrahedrite. The vein 
carries some graphite. The strike is about N. 60° W., the dip 10° NE. About 
100 feet away the strike turns abruptly to N. 30° W., with the same dip. The 
development consists of a small pit. 

Jumho claim. — This claim is west of the Welcome. A shaft has been sunk to a 
depth of 40 feet. The strike is N. 45° E., the dip undetermined. The vein consists 
of a bluish quartz, fractured and recemented by white quartz, and is 2 to 3 feet 
thick. The ores are gold and tetrahedrite. The values were not learned. The mine 
workings show many planes of movement in the country rock, which is graphitic 
phyllite. 



CLAIMS NEAR DOLOMI. 81 

Matilda dmm. — ^This lies adjacent to the Fortune on the north. It has a well- 
defined quartz vein, 3 feet in width, with strike about east and west, dip 60^ S. 
A decomposed mica-schist forms both walls. The quartz carries pyrite and is said 
to carry gold. The schist is slickensided, and along these slickensided surfaces 
mineralization has taken place. 

Golden FUece mine. — This is one of the most extensively developed mines of 
the Dolomi region, but unfortunately only a couple of hours could be given to its 
examination. It is connected with Dolomi by a tram, which was not completed when 
visited. A prospecting stamp mill has been erected, and the property includes a 
number of substantial buildings. The country rock includes dolomitic white and 
blue crystalline limestone, the ore being usually found near the contact of the two. 
The transition between the two limestones, though rather abrupt, at the same time 
appears to be one of metamorphism. The limestones are cut by diabase dikes, which 
cut across the foliation and are unaltered. The earlier developments of this property 
were made under a misconception of the character and position of the ore body, and 
much of the money was wasted. The mine workings which are now being used 
consist of two tunnels and several shafts. The vein apparently cuts the lamination 
of the limestone. The ore, which occurs in lenses, varies from a few inches to 5 or 
6 feet in thickness. These lenses sometimes nearly pinch out, but they are always 
connected by vein matter. The ore is closely associated with dikes of a diabasic 
character, which it cuts. The strike of the ore bodfes varies from north and south 
to N. 45^ E. ; and the dip, as a rule, is low, varying from 10^ to 45°. The ore body 
is usually well defined. The hanging wall is most often a blue crystalline limestone, 
and the foot wall a white crystalline limestone. Near the contact with the vein the 
hanging wall is broken and brecciated and the mineral-bearing solutions have 
penetrated it, as they have also some of the diabase dikes. 

In the development of the mine use has been made of the limestone caverns, 
which the ore bodies seem to follow, in a rough way. This suggests that the ore 
was deposited along channels of solution and may be a replacement. Unfortunately 
the limited time spent at this mine did not permit of solving the interesting prob- 
lems connected with the occurrence of the ore. As far as could be determined, the 
mine workings show that there are two distinct veins, separated by a considerable 
thickness of limestone. These veins are roughly parallel, bend in their strikes, and 
have low dips. Their outcrops form a curved line, and their general form is prob- 
abl}'^ that of a broad basin. The northern rim of the basin has not been found, so 
that it is quite likely that the dip becomes steep underground beyond the present 
mine works. The veins are formed of a series of lenticular ore bodies, which are 
connected by narrow necks. 

The ore is free gold, tetrahedrite, and pyrite. That which was being mined 
when visited is said to have yielded, with some sorting, $40 to $60 at the mill. Two 
specimens were collected by the writer, which were not commercial samples, but 
9210— No. 1—02 6 
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were taken more or less at random. Those were assayed bj^ Dr. E. T.* Allen in the 
Geological Survey laborator}\ The one from the leanest ore ^aeldexi 2.36 ounces in 
silver and 0.05 ounce in gold. The other was from the highest class of ores, and 
yielded 9.96 ounces of silver and 4.17 ounces in gold. 

Copper Lake group. — This is a group of claims lying east of the Golden Fleece, 
on which but little development work has been done. On one claim a zone of 
mineralized quartz was seen, 5 or 6 feet in width, carrying copper-bearing minerals. 
The vein occurs in limestone which is much sheared and slickensided. The vein 
shows brecciation, similar to that of the (jolden Fleece vein, and resembles the 
Golden Fleece in character. The ore is iron and copper pyrite and tetrahedrite, 
with probably some free gold. 

Beulah elmttt, — This lies to the south of and in part overlaps the Golden Fleece, 
and was in litigation at the time of our visit. A small cut exposes a minemlized 
zone 5 or 6 feet in width. The zone is made up chiefly of vein quartz, including 
some of the mica-schist which forms the foot and hanging walls. 

Weljleet claim. — This claim lies to the west of the Jumbo. It consists of a very 
large quartz ledge, 20 to 25 feet wide, carrying graphite and occurring in graphitic 
schists. It carries pyrite, and its gold values are said to run from $2 to $4. What 
is said to be the western extension of this has been staked under the name "Sarah 
claim." 

Home claim, — This lies north of the Welcome. It is a quartz vein, 12 to 18 
inches thick, cutting coarse limestone beds. The limestones a^e faulted and slicken- 
sided. The strike is N. 60° W^., dip questionable. The development consists of a 
pit about 8 feet deep. At the surface the vein has a width of 2 feet, but it narrows 
down to 18 inches near the bottom of the pit. It carries pyrites and tetrahedrite. 

Alpha claim. — This lies near the coast, northeast of the Home claim. The strike 
is N. 20^ E., dip 80° NW. It is an 18- to 24-inch quartz vein in white crystalline 
limestone, apparently somewhat mineralized. No development work has yet been 
done. White crystalline limestone forms both walls. The vein cuts across the strat- 
ification of the limestone. 

A small cut has been made on what appears to be the same vein, 200 feet from 
the above outcrop. At this point a 3-foot vein is exposed, with strike N. 40° W. 
Both walls are crystalline limestone. Ore is chiefly vein pyrite. According to the 
owner, assays show values running from $4 to $25 in gold. 

HouJie claim. — This claim is located a mile north of Dolomi, near Paul Lake. It 
is a quartz vein, 12 to 24 inches thick, carrying iron pyrite, copper pyrite, and gi-ay 
copper ore, exposed in a small pit. The vein has been faulted, the throw being 
about 12 inches. The strike is N. 15° E., the dip 30° NW. The wall rock is a 
white crystalline limestone. 

Pauline claim. — ^ThLs claim is about li miles from Dolomi and a quarter of a 
mile north of Paul Lake. The developments consist of a pit 10 feet deep and a cross- 
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cut 6 or 8 feet wide. The ore body is a small fissure vein which cuts banded blue 
and white crystalline limestone. The vein in the pit has a width of 4 to 6 inches and 
strikes N. 50° W. The limestone has the same strike and dips 20°, while the vein dips 
80° to the south. The vein cuts the bed rock at about right angles. The limestone 
shows banding and faulting parallel to the vein. In the cut a mineralized zone 6 to 8 
feet wide is exposed. In this mineralized zone are numerous quartz stringers and 
also mineralized country rock. The quartz is sheared and banded. The strike is 
about N. 60° W., the dip 45° NE. At a third locality on this vein there is a crosscut 
tunnel about 40 feet long, which intersects the vein at right angles to its strike. 
The hanging wall is well defined, while the foot wall was buried under debris, but 
the width of the vein is probably 3 feet. Some mica-schist occurs within the vein. 
The ore is similar to that described. 

Valpai'aiso mhie. — This mine lies to the northeast of Paul Lake, about 2 miles 
from Dolomi. It has been extensively developed and some gold ore has been shipped 
from it. There are two shafts, about 100 feet apart and about 40 to 60 feet deep. 
At the westernmost shaft the dip of the vein is about 34° N., the strike being N. 60° 
W. The hanging wall is slickensided and is separated from the vein by a thin iseam 
of gouge. The hanging wall seems to be well defined, but the foot wall carries some 
ore. The distance between the walls at the bottom of the westernmost shaft is about 
6 feet. Only a part of this, however, carries values. Brecciation has taken place 
along the foot wall, with more or less recementing. Like the Golden Fleece, this 
vein, in a general way, follows a series of cavities. The vein carries tetrahedrite, 
galena, pyrite, and sometimes zinc blende, besides the free gold. The vein matter 
in the western shaft, according to the superintendent, is blocked out by seams which 
are lines of movement. The mineralization seems to follow a line of brecciation, and 
it is along this line of brecciation that the solution of the limestone has taken place 
and cavities have been formed. 

In the easternmost shaft the dip is 35^ to the north. The hanging wall is well 
defined. The mining operations are in a mineralized zone 5i to 6 feet in width, 
from which ore was being shipped at the time of our visit. The vein at the surface 
shows a maximum width of 12 feet, with limestone forming both the hanging and 
the foot walls. Values as high as $70 and $80 a ton are reported from the picked 
ores of this mine. Since it was examined one shipment of ore is said to have yielded 
$185 per ton. 

Wednesday claim, — ^This is located on the south side of Paul Lake, northwest of 
Dolomi. A small cut has been made, which exposes a vein 3 feet wide at the surface. 
The country rock is a micaceous calcareous schist, which is much faulted, the mineral* 
ization seeming to be along the fault planes. The gangue mineral is chiefly calcite. 
The strike is N. 50° E., the dip 45° to 60° S. A tunnel has been driven about 20 feet. 
The country rock is white crystalline limestone containing bands of mica-schist. 

Jessie claim. — ^This is located on the north shore of Paul Lake, adjacent to and 
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ea.st of the Valpamiso. The .strike is about N. GO'^ W. and the dip 20-' N. The vein 
proper is about H f^^t in thickness; above this occurs about 1^ feet of silicified lime- 
stone and ()uartz, aJwvc which the hanging wall is composed of limestone. The foot 
wall is a chloritic schist. The vein minerals are chiefly iron and copper pyrite with 
free gold. 

J^auf claim, — This lies adjacent to the Jessie on the east, and is an extension of 
the same vein. The strike is N. 60'^ W., the dip 10^ N. The vein is partly under 
the lake, and seems to have a thickness of about 3 feet. White limestone probably 
occurs l>elow as well as above the vein. The vein, which is well defined, carries free 
gold and pyrite. Along the contact of the vein and hanging wall the limestone is 
brecciated and recemented by quartz. This is the place where gold was first dis- 
covered in the Dolomi region. The discovery was made by Paul Johnson, an Indian 
boy, who first found the bright particles of gold on the shore of the lake. 

KITKUN BAY. 

General description. — Kitkun Bay is an almost landlocked body of water, which 
flas not been charted, and is connected with Brennan Bay, a southerly arm of the 
western part of Cholmondelej' Sound, by a narrow neck of water. The accompany- 
ing maps (PL II and fig. 5) are based on a rough traverse made during the course 
of the work. The entrance to the bay is by an inlet not over 50 yards wide, which, 
except at high and low water, has a very strong current. The deepest water is on 
the east side of the channel, which is apparently free of rocks. The west side of 
the channel has many rocks in it, some of which are exposed at low tide. No 
soundings were made, but there is probably considerable depth of water even at 
low tide. 

The shores of the ba}^ are low and the topography is a rolling upland. The 
mountains near the bay do not reach altitudes of more than 1,200 feet. A broad, 
flat depression connects it with Mineral Lake to the south. 

The geology of the ore deposits of the Kitkun Bay region is very similar to that 
of the region adjacent to Dolomi, the former being, in point of fact, a northwesterly 
extension of the latter. 

The bed rock of the region is a crystalline limestone, with some phyllites, and 
belongs to the Wales series. It has a general northerly-southerly strike, with 
many variations in dip. Associated with these limestones are many bands of 
chloritic schist, which are often highly contorted. The relation of the schist to the 
limestone shows that the schist is an altered intrusive. The schist sends tongues 
into the limestone and includes fragments of the limestone. Since this intrusion the 
series has been intensely folded, and while the broad structures run nearly north 
and south, the minor folds stand at all angles. 

The ore bodies contain free-milling gold ores. They consist of true fissure 
veins, which often carry high values, and of mineralized zones in greenstone-schists. 
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which are usually larger, hut do not have so large a gold content. Small blebs of 
quartz and calcite are comnion in the schist, and these often contain pjrite. In 
the region adjacent to Brennan Bay many of these quartz veins have been staked, 
but, so far as the writer knows, no developments have been made. On Kitkun Bay 
some work has been done at three or four localities. 

Tomboy claimif. — This group lies about a mile east of Kitkun Bay and about 
300 feet above tide water. A series of quartz ledges, which the owner claims to 
have traced about 3,000 feet, strikes X. 30^ W., and forms conspicuous knolls. The 
walls of the vein are not always determinable, but where exposed the vein has a 
minimum thickness of 20 feet. Much of it is a barren-looking quartz, somewhat 
stained with iron. Where exposed in a small stream which cuts across the vein 
it contains granular pyrite. At this locality the wall rock was determined to be 
white limestone on the west and chloritic schist on the east, with a dip of 70^ to 
80° S. Both walls of the vein seem to be more or less mineralized. If it carries 
any values they are probably concentrated near one of the walls. 

Moggie May claim. — ^This property is loc*ated about one-fifth mile from the 
beach, nearly due east from the central part of Kitkun Bay, 275 feet above tide 
water. The vein is of vitreous quartz and carries granular pyrite. The strike is 
N. 30^ E., dip 75^ NW. The foot wall is crystalline limestone, and chloritic schist 
forms the hanging wall. Near the contact with the hanging wall the quartz has per- 
meated the country roi*k. The contact with the foot wall is not exposed. One assay, 
it is said, gave lNr.80 to the ton. No developments have been made, except a small 
open cut. 

Fairn dahn. — This is located about half a mile east of the Maggie May and 750 
feet above tide water. Six feet of mineralized quartz are exposed, cutting chloritic 
schist. The vein stands a>x)ut i)erpendicular and strikes N. iO- E. It sends one 
offshoot 18 inches in width into the wall roi'k, and the country rock near the ledge is 
permeated with small veins. The liest-looking ore is alK)ut 2 feet wide, near the west 
wall. The minerals are pyrite and galena. An assay of what was proliably a picked 
sample is said to have given ftrl^ in gold. This vein is said to have been traced 
through three claims and to widen out lo<*ally to 14 feet. 

One hundred feet to the east of this is a second vein on the same claim, which 
is said to have l>een ti-aced for 1,5(K) feet. A width of 4 to 5 feet is expased in a cut. 
It is similar to the first vein, but does not seem to l>e so heavily mineralized. It 
carries fragments of the wall rock, which is a chloritic schist, 

CnjemiM group, — ^This group embraces a numlx^r of claims near the southern end 
of Kitkun Bay. Of these the San Juan, JKH) feet above tide, shows a vein of 
quartz 3 to 4 feet thick, striking east and west and dipping 20"^ N., lK)th walls of 
which are formed of chloritic schist. The quartz vein itself, according to Mr. 
Eugene A. Knapp, superintendent of the property, does not carry gold, but a mineral- 
ized zone about 4 feet thick, lying under the quartz vein and consisting of schist and 
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quartz veins and 8tringers, carries values. The ffold contents have not been deter- 
mined, but the ore is of low grade, the values probably running from $8 to $10. 
The larger vein of quartz is barren, and the mineralizing solutions seem to have 
come in after it was formed. Mr. Knapp states that the gold is always accompanied 
by manganese. A short distance to the northeast of this vein limestone is exposed. 
The schists in which it occurs are mineralized, folded, and probably much faulted 
The zone of mineralization, according to Mr. Knapp, seems to follow a small anti- 
cline of schist which underlies the limestone. 

The Croesus claim proper lies about one-half mile to the northeast of the San 
Juan, and is about 1,100 feet above tide. A fissure which has been filled by mineral- 
bearing solutions cuts chloritic schists and limestones. The pay streak varies in 
thickness from 4 to 8 inches. According to Mr. Knapp, there has been faulting 
along the fissure, with a downthrow towai'd the hanging wall. Gold occurs associated 
with a black mineral, probably manganese, and with iron minerals. The ore carries 
some metallic copper. The fissure cuts across both schist and white crystalline lime- 
stone, and in places follows the contact between the two. It seems to be richest 
where it is in contact with the schist. The limestone near the vein is somewhat 
silicified. The developments consist of a small shaft and two tunnels. 

Some interesting exposures occur a quarter of a mile to the west, where a schist, 
heavily charged with magnetite, is exposed. These magnetite-schists are apparently 
a part of the greenstone-schist series. The magnetite seems to be secondary after 
sulphides of iron. Near at hand is an open cut, in which the highly crystalline lime- 
stone carries many metamorphic minerals. Among others, hematite, epidote, and 
chalcopyrite were noted. 

SOUTH AKM OP CHOLMONDELEY SOUND. 

General description. — The South Arm of Cholmondeley Sound has a length of 
about 8 miles and averages less than a mile in width (see PI. II). Its head is 
said to be connected, by a portage of not more than 6 miles, with the upper end of 
Klukas Inlet, on the west side of Prince of Wales Island. The land rises abruptly 
from the water, and the mountains, which trend parallel to the inlet, reach altitudes 
of 3,000 feet. 

The bed rock in this region is crystalline limestone, striking about north and 
south. With it there are associated schistose greenstones and some massive intrusi ves. 
The former are quartz-sericite-schists, which contain considerable chlorite, and belong 
to the Wales series. The massive rock occurs in the form of dikes cutting across the 
foliation of the sedimentary beds. Specimens from two of these dikes were studied 
under the microscope; one proved to be an olivine-diabase, and the other is probably 
an altered andesite. 

The ore bodies are of two types: Mineralized zones in quartz-sericite-schist, 
carrying copper and gold values* and veins in white crystalline limestone affording 
ores of silver, lead, and zinc. 
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Friendship group. — This group lies on the west side of the South Ann of Cbol- 
mondeley Sound, 2i miles from the entrance. The developments which have been 
made are close to the shore, and include a small cut and a shaft about 15 feet deep. 
The mineralization has taken place along a contact of greenstone-schists and white 
crystalline limestone, and the mineralizing solutions have penetrated both walls. 
The contact between the schist and limestone is apparently a line of movement, as the 
rocks show evidence of faulting. The greenstone-schist seems to be intrusive, though 
this could not be definitely det(^rmined. At one end of the claim a small cut shows a 
vein about 2 feet in width. Six hundred feet to the north, in a small shaft, a vein, 
which is probably the same, is expos(^d and shown to have a thickness of from 3 to 
3i feet. The ore is distributed in bunches and layers and is not evenly disseminated. 
The gangue minei'als are coarse cr^^stalline calcite and white quartz. Samples of ore 
are said to have run as high as 26 per cent in copper, with a gold content of |1. The 
ore is chalcopyrite and bornite. 

Ketchikan Copper Company. — This company owns a group of 12 adjacent claims, 
which lie on the west side of the arm and join the Friendship group on the south.' 
When visited there was unfortunately no representative of the company on the 
property. Since then the writer is informed that development work is being pushed 
vigorously. 

The ore body, as far as determined, is a minemlized zone, which occurs in a 
quartz-sericite-schist. This schist is made up essentially of bluish quartz and sericite, 
and it is often banded. Chlorite is a very common accessory mineral. While it has 
many of the characteristics of an altered sediment, 3^et it strongly resembles the 
schists found in association with the ores at Niblack Anchorage, which are believed 
to be altered rhyolites. It seems likely that more detailed studies will show that this 
schist has been intruded into the sedimentary series as a massive rock and subse- 
quently rendered schistose by crustal movements. During this deformation, or 
possibly in part subsequent to it, the ore-bearing solutions were injected. The strike 
of this schist belt is about north and south, parallel to the inlet, while its dip is 
variable. Its boundaries were not determined, but the belt must be several hundred 
feet wide. Nearly all of the schist belt contains more or less p^^rite, but the com- 
mercial values seem to be confined to certain zones, where the movement has been 
most intense. 

About a mile from the beach and 900 feet above tide water a tunnel has been 
driven for about 300 feet. The tunnel is intended to cross the ore bodies, but, as 
these vary considerably in their trend, the tunnel in part runs parallel to the ore. A 
number of mineralized zones, which carry iron and copper pyrite, are exposed in the 
tunnel. Owing to the changing courses of these veins it is impossible to estimate 
their thickness from a cursory examination, but it must be considerable. The 
mineralized zone is impregnated by pyritic minerals, which occur in small veins. 

In a small gulch lying southwest of the tunnel, at an altitude of 950 feet, a 
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mineralized zone was seen, occurring in a soft chloritic schist striking N. 40° W. 
and dipping 75° N. The siliceous mineralized rock is of a dark hue and is heavily 
charged with pyrite. This zone was observed at several localities, and found in each 
case to carry copper and iron pyrite and copper oxides. The larger veins are cut 
by smaller ones, which are also ore bearing. The dikes which cut the schistose series 
have already been described. They are of economic interest, because near their 
margins the mineralization of the schists is usually more intense. The mineraliza- 
tion of the schists has taken place since the intrusion of the dikes. The owners 
report the ore body exposed in the tunnel to carry values of copper, gold, silver, 
and lead of from |2.50 to |26. They estimate the average of the ore bodies exposed 
to be $4 to |5. The fact that the ore body is large, and is in a position to be 
cheaply mined, will probably make it possible to handle even ores of the lower 
grades, especially since they are well adapted for concentration. 

SUver-ledd prmpects. — These are said to be located on the west side of the arm, 
2 miles from the beach and 2,000 feet above tide water. The trail leading to them 
could not be found, so the locality was not visited. The veins are said to occur in a 
white crystalline limestone, and to be chiefly galena bearing. Mr. Eugene A. Knapp, 
who has opened up one of the properties, reports an ore body 12 feet in width. 

WEST ARM OP CHOLMONDELEY 801TN1). 

Oeneral description. — No discoveries of importance have been made in this 
region (see PI. II), though, as in other part^ of the district, a great many claims 
have been staked, but no attempt has been made at their development. The 
country rock of the region is chiefly a greenstone-schist, with bands of cr^^stalline 
limestone and phyllites into which the greenstone was intruded. These rocks belong 
to the Wales series. In some cases mineralized quartz veins and blebs have been 
found in the greenstone-schist, but none of these have thus far been exploited. 

At the west end of the arm, near the beginning of the trail to Hetta Inlet, a 
number of claims have been staked. One of these, entitled Earl No. 1, is about half 
a mile from the beach. The country rock is a quartzitic schist, associated with 
graphitic phyllite, and in it are some disseminated quartz blebs which carry iron 
pyrite. 

About a mile north of "Sunny Point, near the entrance of the arm, some pros- 
pecting has been done, and a claim, usually known as the Anderson property, is said 
to carry copper values. We were unable to visit this claim, but it seems very likely 
that it is a southern extension of the copper-bearing rocks of Skowl Arm. 

TWELVBMILB ARM. 

General description. — ^Twelvemile Arm is a narrow inlet which makes off in a 
southwesterly direction from Easaan Bay. (See PI. II and fig. 6.) At the head of 
the bay i^ a broad flat — the delta at the mouth of a stream of considerable size. At 
other points the mountains rise abruptly from the water. 
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The bed rock lying immediately adjacent to Twelvemile Arm is chiefly crystalline 
limestone, with considerable intrusive greenstone, both massive and schistose. The 
massive greenstone is of a dioritic character. The schistose phase is cjj^iefly chlorite 
and actinolite-ssehist. 

West of the limestone belt there are black graphitic schists, with which green- 
stones are likewise associated. The beds have a general norAwest-southeast strike, 
with variable dips. The phyllites seem to underlie the limestone, and together they 
have been thrown into open folds. These beds belong to the Wales series, which 
is usually more closely folded. 




Fig. 6.— Sketch map of KaMutn Peninsula, Twelvemile Arm, and Bkowl Arm, showing claim locations. 

Dikes of a bluish-gray porphyritic rock were found in the phyllites at several 
localities. This rock, with which some of the ore bodies were found to be closely 
associated, is too much altered to admit of a definite determination, though it 
resembles the dike rock of the Thorne Arm region, which was also indeterminable. 
At one locality some rhyolitic rocks were observed, but their relation to the bedded 
series was not determined. The ores of the region yield gold (in part free milling), 
lead, and a little copper. The ore bodies occur in true fissure veins, which cut the 
country rock at various angles. One set of veins is found in the phyllites, another 
occurs along shear zones in the diorite. The veins in the phyllites are closely 
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associated with the gray porphyry dikes which have been described. The^e resemble 
the deposits at the head of Thorne Arm. In general, it can be said that upon the 
surface the veins are characterized by persistence, which argues well for their con- 
tinuation in depth. Some of the veins, though small, carry very high gold values. 

Hollis, which is located on a small embayment on the western side of the arm, 
is the distributing pofht for the region. It has a post-office, assay office, and store, 
and steamboat connections once or twice a week with Ketchikan. Mining develop- 
ments have l>een conlined chiefly to the vicinity of Hollis, but some claims have been 
opened up on the east side of the arm, and also near its hejtd. Hollis is connected 
by tramway with the Puyallup mine and by trails with the Crackerjack and the 
Commander group. 

Copperplate claim. — This is located about half a mile from the beach, near the 
wooden tramway to the Puyallup mine. When visited stripping had uncovered a 
small vein which was traceable for about 100 feet. The vein carries copper pyrite 
and is said to carry gold. The country" rock is a diorite-porphyry. The strike is 
north and south and the dip west. 

Puyallup group, — This group includes several claims located about a mile from 
Hollis. The developments consist of two shafts, one of which connects with a tunnel 
about 50 feet long, and some short crosscuts and open cuts. The vein strikes N. 30^ 
W. and dips NE. 20° to 40°. It follows a true fissure, and has a width varying 
from 4 inches to 2 feet. The course of the vein has been traced by outcrops along 
the strike for 1,000 to 1,500 feet, and is thought to have been identified at a locality 
3,000 feet to the northwest. There seems to have been two periods of intrusion in 
the vein. In the first white quartz was deposited along a fissure, and then this was 
shattered and sheared and a second deposition of quartz took place. This second 
deposition took place along both walls of the original vein and also in the fractures. 
The country rock is greenstone of a dioritic character and very much altered. It is 
jointed both parallel to the vein and at right angles to it. Close to the vein the 
greenstone is often mineralized. A belt of black slate or schist runs parallel to the 
vein about a quarter of a mile to the southwest. 

In the second shaft, located a quarter of a mile to the northwest of the tunnel, 
the vein shows a thickness of 6 to 18 inches. The ore is chiefly iron p^^rite, with 
considerable free gold, some telluride, some chalcopyrite, and bornite. The gangue 
mineral is chiefly quartz with some calcite. The vein, though small, is extraordi- 
narily rich. The best returns from assays show 3 ounces of silver and $1,100 in 
gold; the poorest assays are reported to carry $20 to $30 in gold. The owners 
informed the writer that it is easy to sort the ore and get returns of $100 to $300 a 
ton, leaving a balance worth $30 to $50 a ton. There is little free gold in the vein 
except in the oxidized ore. Since our visit 14 tons of ore have been shipped from 
this'mine, which, according to current reports, yielded $159 per ton net. . A 5-stamp 
mill is in process of erection. The property includes a good water power. 
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Orackerjdck claims. — This group embraces several claims which are about 2 miles 
west of Hollis. At a number of localities on this property sufficient prospecting has 
been done to show something of the character of the deposits, but no systematic 
mining has been undertaken. 

Two veins have been discovered on the Crackerjack claims, which are separated 
by at least 100 feet of the phyllites which form the country rock. The lower vein 
has a width of about 18 inches to 2 feet at the outcrop, which is 1,000 feet above tide. 
The country rock is a siliceous phj^Uite, sometimes carbonaceous, which is much 
contorted, but has a general northwest-southeast strike. Dikes of gray porphyritic 
rock, which are probably altered diorites, cut the phyllites, as do also diabase 
dikes. A tunnel which has been driven to intersect the lower vein passes through a 
mass of slates with instrusive porphyries. Some of these porphyry dikes are con- 
siderably sheared. In the face of the tunnel is exposed a small dike of this gray 
porphyry, which is permeated with vein quartz and mineralized and carries high 
gold and silver values. Near the dike the slates are much contorted. The mineral- 
ization apparently follows the dike, which is permeated with pyrite, and there is 
some free gold, and considerable galena. The latter is said to have very high silver 
values — in some cases as high as 2,(M)0 ounces of silver to the ton. The superintendent 
reports that an average of 30 samples from the surface yielded $14.57 in gold to 
the ton. 

Three hundred feet above this tunnel, across the strike of the rock, another vein 
is exposed, from 2 to 2i feet in thickness. It follows a porphyritic dike similar to 
the first vein. In places the mineralization follows the dike strictly, but sometimes 
the vein lies on one side and sometimes on the other side of the dike. The best 
values in the vein have been found where it cuts the porphyry. A tunnel, which has 
been driven for about 50 feet, follows the vein. In this tunnel the vein locally nar- 
rows down to 18 inches. The superintendent informed the writer that at the tunnel 
the vein has the minimum thickness observed throughout its length. Its course is 
N. 30*^ W., and it dips 20^ SW. The ore carries high gold values, but except in 
the oxidized zones the gold is not free. The associated mineral is principally iron 
pyrite, but chacopyrite was observed. The gangu(» is chiefly quartz. This vein has 
been followed through four claims. To the westward the vein is exposed at several 
localities. About one-fifth of a mile west of the tunnel it showed a thickness of 3 
to 4 feet, and there sent many small stringers into the country rock. One hundred 
yards to the west is another exposure, where the vein exhibits a thickness of 12 to 
14 feet, and the second vein of this claim is exposed on the hill slope below. At this 
locality the most heavily mineralized ore is next to the hanging wall. 

IIollw clmms. — This group, which belongs to the company that owns the Crack- 
erjack, embraces six claims lying southeast of the Crackerjack and occupying the 
crest of Mount Hollis, about a mile west of the settlement of the same name. At an 
altitude of 1,600 feet, near the crest of the mountain, a small stripping showed a 
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vein 2 to 2i feet thick, with wall rock of .slate, and similar in character to the Crack- 
eqack vein. The vein strikes in a northwest-southeast direction and dips about 
20^ N. It seems to follow a true fissure, and is said to have been traced a mile to 
the west. One hundred vards to the east the vein has a thickness of 4 or 5 feet. At 
this point a gmy porphyry dike splits the vein. The dike itself is mineralized and 
carries gold values. Assay returns give $6 to the ton in gold. At the first locality 
described assays have shown values as high as $10() to the ton. 

Lant Chance claim. — This is believed to be located on an extension of the Hollis 
vein, and lies about a mile southwest of the town of Hollis. The developments con- 
sist of a small cut, exposing a vein 3 to 5 feet in thickness, in a country rock made 
up of curly slate. Greenish porphyry is associated with the vein. The vein is said 
to have been traced through the Keokuk claim to the Hollis. About 50 feet below 
the principal opening on this same claim there is a smaller vein, 12 to 18 inches in 
thickness, cutting a porphyry dike. 

Commander gnrnp — This group of claims lies about 7 miles to the northwest of 
Hollis. At the time of our visit the only communication was by a rather primitive 
trail. 

The Flora claim of this group has been developed by a tunnel about 50 feet in 
length, following a vein which strikes al>out east and west. The vein follows a zone 
of shearing which is from 1 foot to 18 inches in width. Small calcite veins are found 
in this zone of fracture, and some of these follow joints which run at right angles to 
the plane of shearing. The rock in this shear plane is mineralized. At the entrance 
to the tunnel the zone is 2i feet in width, and in its greatest width it is probably not 
more than 3 feet, and it gradually pinches down and runs into one of the fault zones 
noted above. The vein matter is well banded and the vein seems to follow a true 
fissure. Both walls are more or less mineralized. The country rock is a diorite- 
porphyry, which is in places very much sheared. At this locality the foot wall is 
formed of a sheared porphyry, while the hanging wall is composed of more massive 
rock. 

Adjacent to the Flora is the Nellie claim, which has been opened by means of a 
30-foot tunnel. This is an extension of the Flora vein. The foot wall is formed of 
sheared porphyry, and the hanging wall of a more massive variety of the same rock. 
The vein follows a line of movement along the contact of schistose and massive por- 
phyritic diorite. The vein itself, however, is chiefly in the more massive rock, which 
is brecciated. At the entrance to the tunnel it has a width of about 2 feet, and at 
the breast of the tunnel 3 to 4 inches. The foot wall is slickensided and striated. 

Fifty feet below this vein a small one is exposed in a stream bed, which, how- 
ever, has not been developed. It follows a breccriated porphyry dike, and consists 
of a number of quartz stringers. The zone of mineralization is probably 3 feet in 
>vidth and contains 3 quartz veins. The ore in all these veins is iron and copper 
pyrite and galena, with quartz gangue. It is currently reported that the averages 
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show values of $20 to $40 in ofold. The writer was informed that the average from 
one lot of assays yielded $50, chiefly in gold values. 

Monday claim, — ^This is located about three-fourths of a mile north of Clark 
Bay, a small embayment lyingf immediately north of HoUis. The country rock is a 
black slate, striking about northwest and southeast. The developments consist of 
two small cuts, about 100 feet apart and 650 feet above tide. In the first cut the vein 
shows a thickness of 4 to 12 inches in black slate. In the second the vein is found 
to follow the contact of a black slate and an andesite dike, along which there has 
been considerable shearing. The rocks have been sheared for about 3 feet, parallel 
to the foliation of the slate and to the vein. The vein itself is 12 to 14 inches thick, 
with some smaller oflfshoots within the fault zone, within which the slate is reduced 
to a fine carbonaceous mass and the andesite dike to a clav. A vein of vesuvianite 
is found in this mineralized zone, apparently introduced at a later date than the ore- 
bearing vein. The ore is galena and pyrite, and the gangue is made up of quartz 
and vesuvianite. Values were not definitely learned, but are reported to run from $5 
to $8 in gold and 15 to 40 ounces in silver. 

Lavina claim. — ^This is located on the east side of Twelvemile Arm, about 2 miles 
south of Hollis and a quarter of a mile from the beach. A 30-foot tunnel and a cut, 
located about 900 feet above tide water, reveal an ore body about 6 feet wide, con- 
tained in a brecciated zone in a rock which is probably rhyolite. The strike of the 
vein is nearly east and west and the dip 65^ N. Considerable country rock is 
included within this brecciated zone, which has been permeated by small quartz 
veins. The ore is chiefly iron pyrite, with some copper pyrite. Its gold contents 
were not detennined. 

Marble Heart claim, — This lies about 2 miles to the southwest of the southern 
end of Twelvemile Arm. The country rock is a crystalline and semicrystalline gray 
and white limestone, with some argillaceous layers. The developments consist of a 
shaft, probably 20 feet deep but filled with water at the time of our visit, and a small 
tunnel about 25 feet below. The tunnel followed a small vein of galena. The expos- 
ures in the tunnel showed the limestone to have been intensely squeezed and meta- 
morphosed. 

Dolly Varden claim. — This is located about li miles southeast of the head of 
Twelvemile Arm. We were unable to visit this claim, but learned that the country 
rock is a white limestone, and that the ore is copper pyrite and malachite, carrying 
some gold values. It is also reported that other veins in this vicinity have been 
developed. One carrying copper and gold is reported on an unnamed inlet which 
connects through to the west side of the island, about 6 miles to the southwest of 
Twelvemile Arm. 

KARTA BAY. 

General descriptioii. — During the summer of 1901 important discoveries 
were reported from a region lying 8 or 10 miles southwest of Karta Bay (see 
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PL II and fig. 6), which we were, unfortunately, not able to visit. Karta Bay is a 
western arra of Kasaan Bay. The best evidence aVailable suggests that this is 
an extension of the mineral belt lying in the Hollls region of Twelvemile Arm. 
Mr. Samuel Lichtenstadter, who is exploiting a property which is part of the 
Constitution group of claims about 10 miles from the coast, reports that the vein 
is well defined in country rock of slate, and is from 2^ to 3 feet wide, with an 
inch or two of gouge next to both walls. He reports that by using a lake he 
was enabled to obtain about 5 miles of water transportation. The values are 
both free and combined gold, reported to run from $4 to $200. Some galena 
deposits have also been reported from this region. 

SKOWIi ARM. 

General description. — Skowl Arm (see PI. II and fig. 6) is a western branch 
of Kasaan Bay. A high land mass divides its upper part into the Western Arm 
and what is usually known as McKenzie Arm. The shores are abrupt and the 
nK)untains reach 2,000 feet or more. Both channels are studded with small, 
rocky islands, and navigation is rendered dangerous by the fact that there are a 
number of uncharted rocks. 

The country rock of the region is for the most part igneous, except along a 
few iniles of the northern shore, where phyllites and limestones of the Wales series 
outcrop. It is probable that a more careful search would reveal other areas of 
these sediments. The igneous rocks offer considerable variety in composition, 
but they are here all grouped together as the Kasaan greenstone. Among the 
more massive rocks of this group diorite-porphyry or andesite predominates. The 
schistose greenstones are chiefly epidote- , actinolite- , or chlorite-schists. These 
schistose phases seem to be altered phases of the massive rocks and to be confined 
to certain zones of shearing. 

The ore bodies are chiefly copper and nickel deposits, which often carry gold 
values. These occur in bunches and in irregular shoots in the massive rocks, also 
along zones of shearing in the schistose phases. The first are irregular in their 
occurrence, and even the second are in no way comparable to veins. The ores are 
chiefly chalcopyrite and pyrrhotite, associated with magnetite and iron pyrite. The 
gangue is the country rock itself, epidote, calcite, and some quartz. 

In the Skowl Arm region only one claim was visited in which the country rock 
was sedimentary. The vein in this case was inclosed in graphitic phyllite. 

The developments thus far have been confined almost entirely to the McKenzie 
branch of Skowl Arm. Claims have been staked elsewhere, but have had little or 
no work done on them. 

Kia/m group. — This group is located about 4 miles south of McKenzie Arm, with 
which it is connected by a trail. The mine workings, at an altitude of about 2,200 
feet, consist of a crosscut tunnel, about 300 feet long at the time of our visit, which 
has since been extended 100 feet farther, but had not at last reports reached the ore 
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body. Near the crest of the mountain a body of chalcopyrite and pyrrhotite is 
exposed at the surface. The trend of the outcrop is about east and west, and the 
vein has a width of about 20 feet. In this width of 20 feet are included some masses 
of the country rock, which is an altered diorite-porph^'ry or andesitic rock. The 
walls of the deposit are ill defined, there being more or less gradation. Below the 
top of the mountain, at an altitude of about 2,250 feet, a tunnel has been driven 
across the vein at a depth of about 50 feet, and exposes ore for nearly its entire 
length. The ore is copper pyrite with some pyrrhotite. The latter is said to carry 
nickel. The country rock is nearly massive, but shows some foliation. The strike 
is N. 60° W. The assays reported by the owners show copper values from 5 to 30 
per cent and nickel values of $35 per ton. The ore contains some sphalerite (zinc 
blende) and iron pyrite and a little gold. 

The surface showing of this property is excellent, it being as fine a body of 
pyrite ore as has been found in the region. The fact that there are shear zones 
in the greenstones makes it probable that the mineralization will extend in depth, in 
spite of the fact that the ore body is not a well-defined vein. 

Red Rose^ Ilecla^ and Bertha cl<i litis. — These were not examined by the writer, 
but are said to lie about three-fourths of a mile southwest of the Kiam. The 
deposits are described as consisting of three parallel veins, aggregating 50 feet of 
ore, which is chalcopyrite and pyrrhotite. The occurrence and ore are said to be 
in every way similar to those of the Kiam deposit. 

Mamnwth and Tjike Vieir claims, — This group is about a mile southeast of the 
Kiam group, 1,0(X) feet a])ove tide water and 2 miles from the beach. The country 
rock is of dioritic or andesitic nature, but in the vicinity of the ore body has been 
sheared and changed to an actinolite-schist. At the outcropping of the vein, where 
some stripping has been done, an orci body with a width of 8 to 10 feet is exposed. 
Mear at hand another exposure shows the minemlized zone to have a width of 20 feet. 
The ore, which is chiefly chalcopyrite and some pyrrhotite, occurs in solid masses 
separated by angular horses of gn^enstone, more or less schistose. These horses, 
which are lenticular in outline, occur in various parts of the ore body. The general 
strike of the ore body is about east and west, and the dip is about vertical. 

A crosscut tunnel has ])een driven, which intersects the ore at a depth of 20 feet, 
exposing it for 6 to 8 feet, and passing through it into a mass of schistose greenstone, 
which seems to be a horse, since there is ore beyond it. So far as could be deter- 
mined, the crosscut, which has been driven about 8 or 10 feet beyond this horse, had 
not reached a well-defined ore body, though all the rock contains considerable 
chalcopyrite. The crosscut is 50 to 75 feet below the surface outcropping, which 
shows ore for a breadth of 8 to 10 feet. The owner states that ore had been found 
at four different places along a width of 400 feet, and claims to have traced the vein 
through five claims. It is claimed that the Anderson property, which lies near 
Cholmondeley Sound, is on the extension of this vein. 
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The ore is chiefly chalcopyrite, with some pyrrhotite and iron pyrite, and some 
pyritiferous vein quartz in small blebs. There can not properly be said to be much 
gangue, though there is some calcite and epidote. In parts of the deposit the ore is 
disseminated through the wall rocks. The wall is usually not very well defined, 
though sometimes marked by a shear zone. From samples taken near the surface 
the owners report values as follows: 19 J per cent copper, 3 ounces silver, $4.80 in 
gold, and traces of nickel. The presence of so much silver suggests that galena may 
be present, though none was observed by the writer. A qualitative examination of 
a specimen of the ore showed the presence of zinc blende. 

AndersorCs claim. « — ^This claim lies 100 yards west of the lower end of Macken- 
zie Arm. A tunnel in chloritic schist shows a zone about 3 feet in width carrying 
copper pyrite. The strike is about east and west, and the dip about 90^. The coun- 
try rock, which is a chloritic schist, beai^s evidence of having been much sheared. 

Hatchet claim. — This claim is about half a mile north of Skowl Arm and 300 feet 
above tide. The country rock is a black, carbonaceous, pyritiferous slate, striking 
N. 60° W. and dipping 50° NE. A small cut exposes a fissure vein, which strikes 
about N. 60° W. and dips 70° ^l . At its widest point it has a width of about 4 inches. 
This vein sends numerous offshoots into the country rock, and the collection of string- 
ers gives a mineralized zone about 4 feet in width. Along the fissure there is evidence 
of abnormal or reversed faulting. Near the plane of movement the schists are much 
crumpled. The ore is chiefly iron pyrite. An assay showed gold contents amounting 
to something less than %1 a ton. 

KA8AAN PENINSULA. 

General description. — ^This peninsula (see PI. II and fig. 6) lies between Clarence 
Strait and Kasaan Bay, and is cut out from the eastern coast of Prince of Wales 
Island by Kasaan Bay on the south and by Tolstoi Bay and Thorne Bay on the north. 
A low mountain range forms the backbone of the peninsula, with altitudes ranging 
from 1,500 to probably 2,000 feet. The southern and western shore line is abrupt 
and almost unbroken, and has practically no shelter from southeasterly storms which 
sweep up Kasaan Bay. The northeastern coast of the peninsula also rises abruptly 
from the water, but is broken by a number of indentations, some of which form small 
harbors. 

The first discovery of copper deposits in the Ketchikan district was made by the 
Russians near the present location of the Copper Queen mine, on the southern side of 
the Kasaan Peninsula. They seem to have attached little importance to this dis- 
covery of a chalcopyrite ore body, and the exact date of the find is not known, though 
it probably occurred in the early part of the nineteenth century. 

At present mining and prospecting operations are going on at a number of 
localities in the region. ICasaan is the largest settlement on the peninsula, and 
includes a post-oflSce, sawmill, store, and hotel, and there is a small native village 

o This claim must not be confounded with the one located near Cholmondeley Sound. 
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close by. This town is the distributing point for the region tributary to Kasaan 
Bay. It is not to bo confounded with the old Kasaan Indian village, which is located 
on the north shore of Skowl Ann. GrindalK situated at the southern point of the 
peninsula, on a small harbor, includes several buildings, ix)st-office, and one store. 

The bed rock of the peninsula is largely a massive green porphyritic rock, which 
is sometimes of a dioritic and sometimes of an andesitic character. The predominant 
phase is a rock which in hand specimen shows porphyritic feldspar crystals in a 
light-green groundmass. The phenocrysts are usually labradorite, but in some cases 
andesine or oligochise. The groundmass consists of a crystalline aggregate of plagio- 
clase, hornblende, augite, with usually considerable magnetite and often titanite, 
together with numerous other accessorv minerals. In a more acid varietv which 
approaches rhyolite in composition, orthoclase and quartz occur. 

The lack of detailed studies has forced the writer to group all of these rocks 
together, and they have been termed the Kasaan greenstone. Their geologic rela- 
tions are not well known. The lithologic structure of the predominant type is 
that of a rock which has crystallized at or near the surface, but the field relations 
often suggest intrusive masses. The probability^ is that when detailed studies have 
been made the Kasaan greenstones will be found to consist of an intricate complex of 
many types of igneous rocks, embracing both effusive and extrusive phases. Besides 
the Kasaan greenstone proper, some dikes of a true diabase were observed. Of 
especial interest are some belts of white and blue crj^stalline limestone which occur 
within the greenstone area and whose age was not determined. 

Within the peninsula the Kasaan greenstone is usually quite massive, but has 
two well-marked systems of joints. In this respect it differs from the Skowl Arm 
region, where well-marked shear zones, which are traceable for considerable dis- 
tances, have been found in the greenstone. One system of jointing trends about 
northwest and southeast, parallel to the longer axis of the peninsula, and the other 
runs about east and west. In some instances considerable movement has taken place 
along these joint planes, developing local shear zones. The joints are also lines of 
weakness along which dikes have been intruded. 

The ore deposits of the Kasaan Peninsula are verj^ remarkable, and in many 
ways extremely puzzling. As the mining operations have been limited to shallow 
open cuts, and have in no case gone more than 50 feet below the surface, there is but 
little to guide the investigator besides the surface ex|X)sures. 

The outcrop of the ore bodies usually shows an irregular mass of copper, iron 
pyrite, and magnetite, which is sometimes sharply defined, but often grades into the 
countr}^ rock by imperceptible transitions. In some cases joint planes form the 
boundaries of the deposits, and in this event they have well-defined walls. The 
various types of the Kasaan greenstone form the w^all rocks of the ore deposits, and 
in the vicinity of the ore contain much epidote, and as a rule are so generally altered 
that their original mineral constituents can not be determined. The ore bodies vary 
9210— No. 1—02 7 
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in size from small hunrhos a few inches in diameter to masses which re^ich 50 feet or 
more in width. In their distribution these de{)Osits are irregular, but seem to occur 
six)i*adically in zones, which, with a jifeneml northwest-southeast trend, are in some 
cases half a mile or more in width. 

As far as can f)e determined b}' the existing excavations, there seems to be more 
or less of the same irregularity' in the vertical distribution of the ore, a.s is shown 
horizontally by the surfa<'e outcrops. Bodies of ore have been followed to depths of 
20 to 50 feet, and then found to give out completely. Again, in drifting, other ore 
bodies have been found which did not reach the surface. One important fact is, 
that, as far as the observations of the writer go, these ore bodies, while apparenth' 
pinching out completely, are in fact extended by ore occurring in small bunches in 
the country rock. In other words, while from a commercial standpoint the ore 
bodies are isolated, from a scientific point of view they are connected by the ore 
contents of the country rock; the masses of minable ore are bonanzas occurring in a 
mineral-l)earing zone. This is an important \yo\ut for the mining interests of this 
vicinity, because it argues well for the continuation or recurrence of the ore bodies 
in depth. 

In some of the mine workings the percentage of magnetite decreases very nip- 
idly below the surface. In these the place of the magnetite is taken by copper and 
iron pyrite, showing that the occurrence of the former mineral depends upon the 
alteration of the sulphide minemls near the surface. In certain of the thin sections 
examined under the microscope pyrite grains were observed, surrounded b\' secondaiy 
magnetite. 

The ores of the region are copper p^^ritc and some l)ornite. These occur in solid 
masses, which often carry very high percentages of copper. They are closely asso- 
ciated with iron pyrite and magnetite. The gjingue, as far as there is any, includes 
amphilioles, epidote, vesuvianite, and considerable calcite, together with chlorite and 
jasper. Some of these deposits resemble true veins, inasmuch as the chalcopyrite 
and iron pyrite are contained in a coarsely cr^'stalline calcite gangue. Vein (|uartz, 
carrying iron pyrite, is found in some of the ore bodies, though it is not very 
common. 

The ore bodies are of two types. In the one, solid nuisses of chalcop\' rite and 
pyrite are associated with epidotized country rock; in the other, the chalcopyrite and 
pyrit<» are c(»mented by a gangue consisting chiefly of calcite, with some quartz and 
chlorite. Zinc blende occurs sparing!}' with the co{)per pyrite. No pyrrhotite was 
observed, though it seemed as if it ought to be present, because of the analogy 
of these deposits to those of Skowl Arm. The ores carry low gold values. It is 
difficult to give in general terms a fair idea of the values of the ores. It would 
seem to the writer that there were probably broad blebs of the pyritiferous green- 
stone which would yield from H to 3 or 4 per cent of copper, with probabh' several 
dollars a ton in gold. The ore bodies proper 3'ield from 5 to 30 per cent copper and 
*2 to Jj^) in gold. 
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The origin of these ore bodies offers an interesting field for speculation, but 
one which it is not worth while to enter with the present meager knowledge of the 
facts of their occurrence, relations, and distribution. The writer would, however, 
call attention to their possible analogy with deposits to which an origin by 
niagmatic differentiation has been ascribed.'' It should be noted, however, that the 
evidence points toward the conclusion that in the deposits under discussion there 
has undoubtedly been mineralization subsequent to the cooling of the rock in 
which they are contained. The quartz and calcite veins can not, be explained by 
niagmatic differentiation. The linear arrangement of the ore bodies, together 
with their parallelism to the planes of movement, leads to the conclusion that they 
exist in zones of secondary mineralization rather than that they are separations 
from a cooling magma. 

It should be noted that some ore deposits occur at the southeastern end of the 
peninsula which are quite different from those described above. These seem to })e 
true fissure veins; they occur near the contact of crystalline limestones and intrusive 
rocks, and carry values in copper and gold. 

It would not be advisable to attempt to prophesy as to the futui'e of these 
deposits. Many who have observed the enormous outcrops of these deposits have 
been altogether too optimistic as to their value and extent. Others, again, after a 
very limited amount of prospecting, have become too easily discouraged because 
the rich ore bodies were not continuous. Much of the money spent has been largely 
wasted, either because the managers were entirely ignorant of proper mining 
methods or because they have been over anxious to begin shipping ore before a 
mine had been developed. The consequence is that on some of the properties the 
excavations come as near being a mining development as those of a prairie-dog 
colony. One of the difficulties that has confronted the mine owners is their 
misapprehension of the real nature of the deiK)sits, which they have regarded as 
true fissure veins. For this reason their energies have been misdirected in attempts 
to develop the ore bodies. The deposits are peculiar, and besides plenty of capital 
they require the management of experienced mining engineei*s for their exploitation. 

CoppiT lung clahnH. — This group is located on the southern shore of the penin- 
sula, near the head of Kasaan Ba3% about half a mile from the beac^h and 100 feet 
above tide. The developments consist of a shaft about 20 feet deep, a tunnel 30 feet 
long, and an open cut 35 feet. The country rock is the greenstone of the peninsula, 
which has already been described. The ore deposit consists of this greenstone, in 
which disseminated bunches of iron and copper pyrite and magnetite occur, with 
calcite, epidote, and some quartz as accessories. The limits of the ore body are ill 
defined, and it passes by gi'adual transitions into the country rock. Inunediatc^ly to 
the south of the shaft there is a very large body of magnetite, whose limits could not 
be determined. At the crosscut, 100 yards to the west, the following section was 
exposed: Near the surface 20 feet of greenstone, which is deeply weathered; then 10 

a For references, see Lebre von den ErzlagerstiUten, Richard Beck, Leipzig, 1901. pp. 37-48. 
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feet of weathered greenstone carrying pyrite; })elow this 10 feet carrying iron pyrite 
and inagnetit(», with some* copper pyrit4\ Th(> giingiie of this latter zone is horn- 
blende and calcite. The copp<»r pyrite seems to })e closely associated with the calcite. 
The siii*facc stripping a}K)ve the crosscut shows a mass of magnetite, cop|)er, and 
iron pyrite lying in grecMistone. The pyrite occiii*s in irregular hl(»bs and masses, 
and th(* whole is cut })V small veins of calcite. Twenty -five feet below the oix^n cut 
is a crosscut tunnel about 30 fe(»t long. In the first 10 feet of this tunnel green- 
stone is exposed, parrying copiKM' and iron pyrit^'. With this are many calcite blebs 
and small calcite veins, the latt(»r following the joint planes. The last 10 or 15 feet 
exiK)sed in the tunnel are mad(» up chiefly of iron pyrite, with some copper pyrite, 
the foniier apparently taking the place of the magnetite, which occurs on the surface 
in nmch larger amounts than underground. In the roof of the tunnel there is a 
greater projwrtion of magnetite than in the floor. A width of about (> feet within 
this mineralized zone is made up of fairly good ore. About 50 feet to the northeast 
of the tunnel are surface exix)sures of magnetite*, iron pyrite, and copper pyrite, 
which have been partly altered to carbonates. Assays report(»d b}^ the owners give 
12 to 13 per cent copper and ^8 to $10 in gold. 

Morning Star dmviH, — The claims making up this group lie to the north of the 
Copper King. Th(». development at the time of our visit consist^nl of a shaft /^O feet 
deep, located about 250 feet above sea level. At the surface a mass of magnetite is 
exposed, carrying iron and copper pyrit(\ This iron deposit apparc'^ntly has a width 
of 30 or 40 feet. As far as could be determined, the character of the ore bodv is 
very similar to that of the Copper King. Consid(»nible coarsely crystsilline calcite 
is found associated with tlu» ore. The ore is said to carry gold values, though exact 
analyses were not obtained. Five claims ar(» said to be included in this group. 

Copper Queen rlairn^, — This name is applied to a group of claims lying about 
a mile east of Kasaan post-oftice and close to the beach. On the ])each there are a 
number of small shafts, and a quarter of a mile inland al>out 200 to 300 feet of 
tunnel have been driven. The country rock in all the workings is a massive green- 
stone which shows some jointing. Ne^r the l)each, and in part below tide water, 
a number of rich copper pyrite ore bodies have been found. The outline of these 
deposits is very irregular, though th'» boundary with the greenstone is fairly clear. 

Al)out a quarter of a mile from the beach and 250 feet above the sea a strip- 
ping has been made which reveals an irregular body of ore. The boundaries of 
this ore seem to })e formed hy the joint planes of the greenstone, which here 
run nearW north and south and east and west. Taken as a whole, the Copper 
Queen property pro})ably contains many irregularh^ distributed ore bodies. The 
ore pockets, when found, are very rich, and careful prospecting with diamond 
drill might lead to commercial success. 

Poor Man^H claim>if, — This property was not visited, and the writer is indebted 
to Mr. Blaimy Stevens, of Ketchikan, for the following notes. It is located 
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north of the Copper QuecMi and about a mile from Kasaan Ifeiy','^'^'^ altitude of 
about 1,200 feet above tide. The developments consist of a IS-foot^Cuqnel with 
some open cuts. The country rock is similar in chamcter to that of ibe Cppper 
Queen and other claims in the vicinit3\ It is cut by a diabasic dike, which*'fojb'trf.\ 
the foot wall of the ore body. The deposit is a mineralized greenstone mas»Y 
carrying copper and gold, with calcite, fluorspar, and <|uartz. The ore breaks 
freelv next to the dike, but the other wall is not well defined. It has a width 
of about 15 feet. Throughout this width there are mineralized streaks from 2 
to 10 inches thick. The gold values are considerable. 

\V/i!U E(i^le elahn, — This prop(»rtv li<\s to the ejist of th(^ Coppt»r Queen, the 
chief workings being about half a mile distant from it. (Jonsiderabh* money has 
been spent in constructing a tmm, a wharf, on* (*hut<\s, buildings, etc. The chief 
workings are at two localities one-fourth of a mile apart and about half a mile 
from the beach. The easternmost tunnel, about 50 fec^t in length, is located 750 
feet above the sea. It is connect(*d with the tnimwav bv a chute. The countrv 
rock is greenstone, which is joint<»d, and movement hius taken place along the 
joint plan<\s. Two systems of jointing w(»re observed, one striking N. 45^ W. and 
dipping 80-' SE., the other striking N. 45^^ E. and dipping 75^^ NE. The ore 
bodies, consisting of copi)er pyrite, seem to be limited by joint planes. Within 
the limits of these ore bodies solid bunches of copper pyrit(% separated by 
gangue, epidote, and vesuvianit<% are found. One of these masses, which was 
said to have been solid ore, had been mined out and an opening 20 by 10 by 10 
fe(»t was left. A second tunnel, a quarter of a mile to the west and 550 feet 
above the sea, was driven for the purpose of cutting an ore body which is exposc^d 
on the mountain 75 feet above the tunnel. The deposit is similar in chai-acter to 
that in the eastern tuimel. The ore has been crosscut by a small tunnel which lies 
in a zone striking N. 50^^ E. and dipping 45^ NW. The jointing strikes northwest 
and dips 80^ SW. At the entnuice to the tunnel a diabase dike 8 or 10 feet wide 
cuts across the countrv I'ock. The ore body exposed on the mountain above the 
tunnel is chiefly magnetit<\ The sulphide ores from the White Eagle are re|X)rted 
to run 25 to 80 per cent copper. 

Skookum and Elm City vlarms, — These claims belong to the same property as 
the Copper Queen. The}^ are locat(»d about a half mile east of the White Eagle, 
a quarter of a mile from the b(»ach, and 500 feet above the sea. In general 
character the occurrence is similar to the WhiU* Eagle. A tunnel which has been 
driven a few feet shows that the country rock is dioritic, partly n^placed by epidote 
in the vicinity of the ore body. The ore consists of iron and copper pyrite and is 
said to carr}^ $10 in gold values. At the face of the tunnel 3 feet of ore, including 
some country rock, are exposed. Both sides of the ore body seem to be fault 
planes. The mineralized zone shows evidence of movement. Small veins of 
calcite are not uncommon. 
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Mount ^)t«l,rehf'cl<i!>iiH. — This property is located about 2 miles southeast of 



• • 



Kasaan po^-office. It embraces about 20 claims, and extends from the l^each for 

half ^ mite 'or more inland. The principal developments include a number of open 

„ Hf'plv,. three shafts, and several tunnels, and are alK)ut a half mile from the shore. 

'X corduroy horse trail connects these with a small wharf and several buildings 

located on the shore. 

The country rock belongs with the Kasaan greenstone. At the lowest tunnel, 
located about 500 feet south of the offices and boarding house and on the Mayflower 
claim, an ore body in the greenstone consists of massive copper pyrite with much 
magnetite. The ore occurs in bunches and masses, probabl}*^ through a width of 50 
feet or more. The limits of this ore lx)dy are ill defined, but seem to follow joint 
planes running northeast and southwest. Near the limits of the ore body the 
country rock is largely altered to epidote. The tunnel at this locality has a length 
of about 100 feet and is about 1,000 feet above the sea. For a distance of 50 to 100 
feet the tunnel was driven through a mineralized greenstone carrying copper pyrite 
and much magnetite. The inner boundary of this zone is limited by a joint plane, 
along which there has been movement. Commercial samples are said to run about 
2 to 6 per cent in copper and from 30 to 60 per cent in iron. A shaft near the 
entrance to this tunnel passed through an ore body 13 feet in depth, which ran 
from i\ to 9 per cent in copper, with several dollars in gold. 

The upper workings on the North Star claim include a tunnel about 300 feet in 
length and a shaft about 60 feet deep connecting it with the surface. Along the 
tunnel and in several crosscuts the whole rock is more or less ore bearing, and 
several ore bodies are exposed by crosscuts and winzes. Much epidote and some 
calcite are associated with the ore. The boundaries of the ore bodies are often joint 
planes which cut each other at right angles. In many cases, however, the ore body 
gradually passes into the country rock, which contains irregularly distributed 
})unche8 of copper ore. The copper contents of the ores from the tunnel workings 
are said to run from 1 to 5 per cent. The shaft revealed an ore body 17 feet thick, 
which carries 4 to 7 per cent in copper and $3 to $5 in gold. Another shaft was 
sunk in ore to a depth of 42 feet, with 2 to 14 per cent copper. 

Al>out a quarter of a mile to the southwest of the shaft is a large exposure of 
magnetite which, we were informed by the superintendent, had been trac(».d for 1,000 
feet. This magnetite occurs in greenstone which is more or less schistose. It is said 
to contain onl}^ 0.02 per cent of phosphorus, but to run high in sulphur. Dissemi- 
nated through it is considerable copper pyrite, and even when there are no visible 
coppi^r minerals the magnetite is said to carry about 0.1 per cent copper. 

In a crosscut on the Peacock claim of this group there is an oc<;urrence of copper 
similar to the other ore bodies, which runs 5 per cent copper and %1 to $2 in gold. * 

The gold values from the lower tunnel are reported to run from $2.50 to $2.75; 
from the upper tunnel, $3.07 to $3.75; from the Peacock claim, $5 to $6. The aver- 
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age copper content is said to be from 3^ to 5 per cent. It is interesting to note that 
a small l)elt of white limestone is exposed between the upiwi' and the lower tunnel. 

It is much to be regretted that our limited time prevented the study of these 
interesting deposits in greater detail. ' The ore bodies are larger than any which we 
visited, and enough excavating has been done to show something of their character. 
Whatever subsequent developments may show in regard to the richer leads on this 
property, enough has been done to prove the existence of hirg<» bodies of low-grade 
mineral. As the gangue is very largely magnetite, it ought not to be difficult to find 
a method of concentration which will give a good shipping ore. In the opinion of 
the wriUn* the magnetite is, however, a result of chemical action which has taken 
place near the surface and probably diminishes in depth. It seems not improlmble 
that in these magnetite-bearing deposits a part of the copper has leached out, and the 
evidence points toward the conclusion that there will be an increase in copj^er values 
at greater depths. In this connection it is interesting to note that films of native 
copjKir are often found along the joint planes of the magnetite- bearing rock. 

B/fj aSV.7' claiiiiH, — These are located about a mile west of Grindall, in the south- 
ern part of the peninsula. The developments consist of a few cuts, which were 
tilled with water at the time of our visit. . At the principal cut the strike of the 
vein is about east and west, the dip 70- S. The ore occurs at the contact of green- 
stone and a much altered limestone. The mineralization follows the limestone 
lather than the greenstone. The greenstone forms the foot wall, and this limit is 
well defined by a fault plane. On the hanging wall the ore grades into the lime- 
stone. The ore body is a mineralized zone rather than a vein, but no idea was 
gained of its dimensions. The greenstones occur on both sides of the limestone 
belt. The ore is copper pyrite, with native copper occurring in films along joint 
planes. One hundred feet to the west of this crosscut is a small test pit about 16 
feet square. The occurrence is similar in character to the first, consisting of copper 
and iron pyrite with cjilcite and quartz gangue. Five hundred feet to the west is 
another small crosscut which exposes a contact of a ferruginous and a feldspathic 
rock, all deeply weathered. The contact seems to be a fault plane, which strikes 
about east and west and dips 80^ S. The ferruginous rock is a dark porphyry with 
iron developed along the seams. Microscopic examination of the feldspathic rock 
suggests that it is probably an altered pegmatite. The mineralized zone is about 20 
feet wide and is said to have been traced for half a mile to the west of the pit. 

CaeJudot dainu — This is located about 1 mile north of Grindall, near Clarence 
Strait. The development consists of an open cut 10 feet deep. The vein, which is 
about 12 inches at the surface, widens to 2^ to 8 feet at 10 feet below the surface. The 
vein seems to be faulted at the bottom of the pit, and is slickensided. The hanging 
wall strikes east and west and dips 70'^ N. The vein sends offshoots into both the 
hanging and the foot wall. The country rock is "a diorite, nmch sheared and jointed, 
Epidote is developed along these shear zones. A small diabase dike cuts the diorite 
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and seems to have been inti*ucled previous to the ore. The ore is copper pyrite with 
quartz ji^angue, and is said to airry gold values. A specimen taken more or less at 
random gave 0.41 ounee in silver and 0.14 ounce in gold. 

Tohtoi Bay, — Tolstoi Bay lies north of Kasaan Bay and marks the northern 
limit of the Kasaan Peninsula. A number of claims have been staked in its vicinitv, 
but at only one has much development })een done. The country rock is of green- 
stone, similar to that forming the southern part of the peninsula. The ores are 
copper, probably similar to those which have been described. Tolstoi Bay offers a 
fair anchorage, but as yet there is no settlement on the bay except a small cabin on 
the eastern shore. 

The Iron Cap is a group of claims lying adjacent to and east of Tolstoi Baj-. 
The countr}^ rock is greenstone with some limestone belts. The developments have 
been chiefly with diamond drill, but we were unable to get the records of these investi- 
gations. About a half mile from the beach is an open cut showing a mass of copper 
pyrite and magnetite scattered through a greenstone. The greenstone is jointed and 
epidote is developed along the fracture planes. The deposit includes copper pyrite, 
magnetite, and bornite, with considemble epidote as gangue. It was close to this 
outcrop that the diamond-drill borings were being made at the time of our visit. A 
number of similar occurrences of copper-pyrite ore have been found irregularly 
distributed through this group of claims. The drillings have extended to a depth 
of several hundred feet, and yet do not seem to have reached below the zone of 
alteration. A drill core shown the writer consisted of. a hard greenstone rock, and 
carried epidote similar in character to that at the surface, except that it was not 
poi'phyritic. As far as could be told from limited exposures, the occurrence is 
similar to that of the Mount Andrew property. Since our visit it is reported that 
a shaft has been started. 

HETTA INLET. 

General d^^mptJon. — Hetta Inlet (see PI. II) is a deep embayment in the 
southwestern coast of Prince of Wales Island, which connects with the Pacific 
Ocean through Cordova Bay. The inlet has not been surveyed, and the accompany- 
ing map is simply a sketch and must contain many inaccuracies. The head of the 
inlet is separated by a 200- foot divide from the West Ami of Cholmondeley Sound. 
A trail across this divide is a link in the mail route to Coppermount and Sulzer. 
Freight is delivered by small steamers from Ketchikan, and also by Puget Sound 
vessels, which occasionally call at the camps along the inlet. The limited time at our 
disposal did not permit us to make an investigation of the mineral deposits of the 
west side of Prince of Wales Island. For the sake of comparative study, however, 
a hurried trip was made to Copper Mountain, and such information about the other 
deposits was (collected as could be obtained from prospectoi*s and other persons. 

Like other parts of the coast, the shores are abrupt from the water's edge, and 
the channels and inlets are deep. The slopes of the mountains are densely timbered 
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up tx)an altitude of about 3,000 feet. The higher peaks are somewhat over 3,000 
feet in height. The precipitation is probably a little greater than at Ketchikan, and 
the mean annual temperature is slightly higher. Accessibility, abundant timber, 
and water powers make the conditions on the west side of Prince of Wales especially 
favorable for mining enterprises. 

The white crystalline limestone of the Wales series, striking nearly north and 
south, is the predominant country rock of Hetta Inlet. In it are intruded many 
igneous rocks, some schistose, some massive. The white limestones are closely 
folded and have great variation in dip. The igneous rocks, so far as detc^rmined 
from the small collection made, include gabbros, diorites, amphibolites, diabases, 
and pyroxene-syenites. All these are comparatively massive. The greenstone- 
schists, which occupy considerable areas, are chloride, and their original character 
has not been determined. 

Copper Mountain group, — This property comprises a group of fifteen or twenty 
, claims located north of and adjacent to Copper Harbor, a small eiistern arm of 
Hetta Inlet. The more important of these claims lie along the qrest and north slope 
of a mountain, about 3,300 feet high, whose summit is three-fourths of a mile 
distant from the north side of the harbor. A gravity cable tramway connects the top 
of the mountain and the more important workings with the wharf on the north shore 
of Copper Harbor. Near the wharf are a sawmill and a number of substantial 
buildings. A part of th^ excellent water power which is on the property is being 
utilized for running the sawmill. 

The developments have been chiefly made on a claim located at the crest line. 
Here there is an open cut, about 40 feet deep, which follows a copper vein. A))out 
1,000 feet below there is an old tunnel, which was, however, located without nmch 
judgment and failed to reach the ore body. There are a number of small cuts and 
drifts in the various claims which make up this group. 

At the New York claim, on top of the mountain, there is a copper vein varying 
from a few feet to 30 feet in width. Since our visit this vein has been reached by a 
tunnel 60 feet below the cut. In this tunnel the ore persists in width, and is made 
up of copper carbonates, with some nodules of sulphides. The strike of this vein 
is N. 54^ E., and the dip is n(»arly vertical, proba])ly about 85*^ E. This vein 
is said to have been traced nearly to the shore line of the bay by a zone carrying 
chalcopyrite. The hanging wall is an igneous rock, made up of orthoclase, pyroxene, 
hornblende, and some plagioclase, and is provisionally classed as an augite-syenite. 
The foot wall is a white crystalline limestone. The relation of the igneous rock to 
the limestone seems to be one of intrusion. Near the contact the limestone is 
considerably altered. The vein is well defined, but sends offshoots into the limestone 
foot wall, and includes some limestone hoi'ses. The ore at this iK)int is for the most 
part malachite, with some azuritc*. The gangue is siliceous, with much calcite. 
The material which was being mined was almost pure ore, with a very little gangue. 
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The shipments from this opi>n cut are said to havo netted $t»0 to $100 a ton. It is 
reported that the shipping gmdes of ores yield 20 per cent and upward of copper 
and carry considerable values in gold and silver." Much of the ore that was l)eing 
mined at the time of our visit must run much higher than 20 pi»r c(»nt in copper. 

The igneous rock which constitutes the hanging wall at the above-described ore 
IkxIv forms a consideml)le mass, ()0() or 700 feet in width, to the northeast of which 
is another limestone ])elt, also metamorphic at thi» contact, containing a second 
zone of minemlization. Tliis zone affects a belt of limestone proliably 100 or 200 
feet in width. Within it the limestones are in places entirely recrystallized and 
carry copper p^'rite and bornite. An open cut on the mountain crest reveals an 
exposure of ore and country rock about 50 feet in width and 50 feet in depth. This 
cut is near the boundary of the Indiana and Oregon claims of this group and about 
1,000 feet east of the first cut. On the face ore is seen, occurring in irregular 
bunches in a zone with considerable honeycombed vein quartz. Horses of limestone 
are plentiful. While the zone is mineralized as a whole, the individual veins seem 
to cut across the bedding planes of the limestone. The division planes between the 
horses of limestone and the ore are well defined. The ore is chiefl}^ chalcopyrite and 
bornite. This zone of mineralization is said to have been traced through four claims 
to the east. 

There is a small cut on the Indiana claim, 200 feet below the crest and on the 
east slope of the mountain, which seems to ])e in the extension of the second or 
northern mineralized zone. As far as could be determined from the limited expo- 
sures, this localit}' is near the conta<*.t of the syenite and limestone. The cut shows a 
metamorphosed limestone which is very siliceous, carrying Qhalcop3a'ite and l)ornite. 
^he gold values in this ore are said to run from $8 to $10. 

Close by, on the Oregon claim, a small cut has been made which at the time of 
our visit was filled in. It is said to have exposed a vein of ore 2 feet in thickness. 
The dump shows copper pyrite associated with limestone. This ore occurs near the 
contact of a diabase and crvstalline limestone. 

The examination of the Copper Mountain region was limited to one day, and 
the conclusions presenU^l must therefore be regarded as provisional. The country 
rock is a white crystalline limestone which is cut by an intrusive mass provisionally 
classed as a pyroxene-syenite, and on both sides of this intrusion mineralization has 
taken place. The zone on the northeastern side of the intrusive is the wider, but 
the ore in it seems to be more disseminated. The northwestt^rn zone is better 
defined and seems to be richer. These deposits must be regarded as contact 
phenomena. The ores which have been reached in the shallow mine workings are 
mostly copper carbonates, with some bunches of copi)er sulphides. The evidence 
points toward the conclusion that the ore bodies will continue in depth, but 
how deep the carbonates will go it is impossiUe to foretell, and it is the belief of 

a Min. Sci. l*Te6», September 7, 1901, p. 100. 
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the writer that speculations in this niatt(^r are idle. In better developed regions 
the lower limit of the carbonate ores has been determined by mining operations, but 
at Copper Mountain no such criteria are available. Many of the mining experts 
who have visited the Copper Mountain property have been ready to express definite 
opinions as to these depths, but these gentlemen must have had sources of information 
which were not open to the writer during his hasty visit. The writer, therefore, 
while not desiring to prophesy in regard to the depths of the carbonates, would call 
attention to three important facts. First, the topographic position of the ore bod}" 
is most favorable for a downward extension of the carbonate ore; second, the 
humidity of the climate is also favorable for this; third, the presence of considerable 
sulphide ore near the surface, on the other hand, would seem to indicate that the 
alteration has not been very complete, and that it may not extend to any great depth. 

Miller Brothers^ claim, — This claim is said to lie north of Copper Bay. It is 
reported to consist of a large body of rath(»r low-grade copper and gold ore. 

Jumho claim. — This claim lies north of Copper Mountain and about 2 miles east 
from Hetta Inlet, with which it is connected by trail. The occurrence is believed to 
be an extension of the Copper Mountain ore body, from which it is distant less than 
half a mile. 

Beuver claim, — This claim is said to be located a mile from Hetta Inlet, on the 
north side, near Sulzer. It is said to carry gold and copper values. Sulzer is a post- 
office and steamboat landing about 3 miles below the head of the inlet. 

Green MoiiHter claim, — This lies about halfwa}^ between Copper Harbor and 
Cholmondeley Sound. It is connected with Copper City by a trail 5 or 6 miles long. 
Considerable development is going on, and values are reported to run from %% to 
$10 in gold and from 80 to 40 per cent in copper. 

UNUK RIVER. « 

Unuk River is a stream of considerable size, which rises well back in the Coast 
Range and flows into Burroughs Bay with a southwesterly^ course. In the lower 10 
miles of its course the Unuk River is said to traverse the belt of granite which makes 
up the Coast Range. Above the granite the country rock is said to be slates, with a 
few thin limestone beds and intercalated masses of intrusive granite. The descrip- 
tion suggests that these beds l)elong to the Ketchikan series. The strike of the rocks 
is northwest and southeast. 

Placer gold was reported on the Unuk River during the Cassiar excitement in 
the early seventies, but it received little attention. It is only during the last few 
years — since the Ketchikan district has come into prominence — that prospectors 
again turned their attention to this region. These placers are said to be about 40 
miles from the coast, and hence in British Columbia, but probably lie close to the 
international boundary. The gravels are reported to be very heavy. Rich gold- 

rt It has been thought best to compile the most trunt worthy infprmation available about thone part» of the Ketchikan 
district that were not Wsited by the party. 
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l)ejirinj»f quartz voins un^ sjiid to havo Immmi found in tho vicinity of Sulphur Creek. 
During the sumincM- of 1901 a company made use of a .siiiall stamp mill to test the 
quartz v<Mns. Th(» tests s(M»m to have lM»en satisfactory, as the same company is now 
installing a more elaborate minin|^ and milling equipment. 

Th(» suppli(»8 an* taken to th(» head of Burroughs Bay by steamer, and there 
transported up the river to Sulphur ('reek in scows. There. are said to bi» three 
canyons on the Unuk Uiver ]>elow Sulphur Cre^k, which are formed by lava flows, 
through which the river has <'ut its course. 

BfH!A I>E QI'ADKA. 

This (>,hannel reaches about 80 or 4<) miles inland and has nmny divergent chan- 
nels. Its uppi»r course must lie largely within the granite* belt. Sulphide dejwsits 
have }>een re|)orted from near its mouth, and worka})le gold placers on one of its 
confluent channels. 

I»<)RTLAXI) CANAL. 

Portland Canal is a long, deep waterway which runs a>)out 10<> miles inland rom 
the eastern end of Dixon Entrance and marks the international l)oundarv. At its 
southern end Wales and Pearsc* islands break it into two divergent channels. Its 
shores are rocky and abrupt, and the neighboring mountains rise to heights of 2,0()0 
to 7,000 feet. 

Almost nothing is known of the geology of the region, but it is probable that 
nmch of the canal lies in the granite belt of the Coast Range. A little prospecting 
ha« been done, but nothing of imiwrt^mce has b(»en reported on the Alaskan side 
of the boundary. That the n^gion is ore bearing is shown by the fact that copi)er 
deposits (chalcopyrite) have been found on the Canadian side of Portland Canal, 
on the peninsula which separates it from 0})s<»rvator3' Inlet. The country rock in 
whii^h these pyrite deposits occur is said to be a mica-schist, and they have been 
described to the writ(»r as impregnated zones. There is a rumor of the occurrence 
of coal near the head of th(» canal. 

ANNETTE ISLAND. 

Annette Island lies between Duke and Gravina islands. Its length is a}x)ut 18 
mil(»s, (^xtreme width about 10 miles, and area approximately 140 square miles. The 
island, which is an Indian reservation, is uninhabited except for the Indian settlement 
of Metlakatla, on the west side. The Indians have a thriving village, including 
al>out 500 people, a sawmill, cannery, school, church, and many well-built houses. 
Th(». story of Metlakatla has })een told man}' times, and need not be repeated here. 
Everyone*, in southejustern Alaska owes a debt of gratitude to Mr. William Dimcan, 
who, through his own unaided (»tforts, has brought these Indians up to a high plane 
of civilization. He has shown what can lx» done by teaching tlie natives to be 
self-supporting and self-reliant. 

The shores of Annette Island are rather low comjmred with other parts of the 
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region. Its central part is occupied by mountain pi^aks, which run to heights of 
2,000 and 3,000 feet. The geology of the island was not studied by the writer, but 
from best accounts it would seem probable that the eastern part is occupied by the 
rocks of the Ketchikan series. Metamorphic limestones have been found on the 
island, and also igneous rocks. The first discoveries of ore in the Ketchikan district 
were made on Annette Island in 1891 or 1892. The deposits are quartz veins 
carrying free gold, pyrite, and silver-bearing tetrahedite, and are said to resemble 
those of the Dolomi region, which suggests that the Wales series may be represented. 
Assays have shown high gold and silver vahu^s in some of the ores. There can be 
no doubt that a part of Annette Island at least lies within an ore bearing zone. 

By act of Congress Annette Island was reserved for the exclusive use of the 
Metlakatla Indian community. When the act was passed it was supposed that the 
Indians would become an agricultural people and gradually bring the island under 
cultivation. This expectation has not been realized, and their occupation of land is 
confined to 2 or 3 square miles near the village. Under the able guidance of Mr. 
Duncan they have become an industrial people, owning and operating sawmills and 
canneries, and (engaging in many other occupations, though not in farming or min- 
ing. They are prohibited by law.f rom developing mines on the island. The Indians 
are not required to remain on the island, but leave it and return to it at their own 
volition. A number have established industrial enterprises in the neighboring 
reirion. and have therebv fullv proved their abilitv to hold their own in direct com- 
petition with the white man. In fact, the developments of the last few years go 
to show that their prosperity is dependent on their coming into commercial rela- 
tions with the white man. Being an industrial community, Metlakatla can not 
isolate itself from th(» rest of Alaska. Among its members are many sturdy, self- 
reliant men, who would be th(» first to resent the idea that they needed the fostering 
care of the Federal Government to protect them when they come in touch with the 
white race. 

In view of these* facts it would seem only just that a portion of the island, say 
the region lying tributary to Port Chester, ])e given to the Metlakatla Indians, and 
the remainder of th(* island, which is not now and never will be used bv the Indians, 
be thrown open to mining locations. Th(» Indian side of th(* controversy which exists 
between them and the pros^x'ctors has luM^n ably pres(»nted })y others, and the writer 
has felt impellcMl to present the side of the prospectors. The latter are represented 
as a body of lulventurers, ready to swarm down on this little community, rob the 
Indians of their lands, and teach them the vices of modern civilization. In point 
of fact, man}' of the prospectors have lived in the region nearly as long as the 
Indians, who came from British Columbia in the eighties. As a class the prospectors 
are honest and industrious, and have the greatest sympathy for the good work which 
has been done at Metlakatla. All that they ask is to be allowed to develop such 
|X)rtions of the island as are not now and never will be used by the Indians. 
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DUKE I8LAND. 



This is the southernmost of the group of large islands which forms the central 
part of the Ketchikan district. The position of the island would indicate that the 
bed rock probably belongs in the Ketchikan series. Little prospecting has been 
done on the island. Galena deposits are reported, as are also gold- and sulphide- 
})earing quai^tz veins. On Marys Island, which lies a short distance to the northeast, 
copper- and iron-sulphide deposits are reported. 



SOITHERN END PRINCE OF WALBB ISLAND. 



To the south Prince of Wales Island narrows down gradually to Cape Chacon, 
which marks its southernmost point. The coast line is broken by many embayments, 
and the relief is probably lower than in the central part. The geology is unknown, 
but the strike of the beds to the north makes it probable that the region is largely 
occupied by the Wales series. 

Some prospecting has been done, but very slight developments have been made. 
Gralena deposits are reported from Cape Chacon, and copper sulphides from Nicholas 
Bay. Mr. F. C. Schrader showed the writer some specimens of mineralized vein 
quartz containing pyrite and some galena, which came from the neighborhood of 
Hunter Bav. 

DALL ISLAND. 

Dull Island lies west of Prince of Wales Island. Its coast, which has not been 
charted in detail, is very irregular. The relief is probably not over 1,000 or 1,500 
feet. Limestonei^ and granite are reported to occur on the island. Some prospecting 
is said to have been done, but no considerable mining developments have been 
made. The Alaska Industrial Company owns the Mount Vesta group of claims, 
which are said to be located along a contact of limestone and granite. The ore 
body is said to be very large and to carr\' high values in copper, gold, and silver. 

COAL. 

In the recrion visited bv us coal has been found at onlv one localitv, and there 
not in workable quantity. This Iwality is adjacent to Coal Bay, an indentation of 
the southern shore of Kasaan Bay. Coal outcrops about a quarter of a mile south 
of Coal Bay, in a creek bottom. The coal is lignitic, of jet-black color, and finely 
foliated; it contains resin and some sulphur. ' The vein as exjwsed is about 8 mches 
thick, and the dip is 5 to 10 degrees. The floor is a fine micaceous and argilla- 
ceous sandstone through which are sc»attered small fragments of lignite. A coarser 
green sandstone 4 to 5 feet thick overlies the coal. The rocks associated with 
the coal are feldspathic and of such character that the local origin of their mate- 
rials is suggested. It seems probable, therefore, that this coal was laid down in 
a local basin with sediments which were derived from the green schists of the 
neighborhood. No other coal exposures were found in this neighborhood, but the 
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soft character of the rocks with which the coal is associated makes it unlikely 
that they would be found except by excav^ation. - It seems improbable that this 
coal has any commercial value. There are also unverified rumors of the occurrence 
of coal on Duke Island and on Portland Canal near the international boundary. 

BUILDING STONE AND LIME. 

Little attention has been paid to the nonmetallic economic products of the Ketehi- 

kan district. These embrace marble, granite, and limestone. Much of the limestone 

of the Wales series has been altered to a finelv crvstalline marble, but much of the 

marble has been so sheared and jointed that it has no value for building purposes. 

At one locality, at least, it has been found sufficiently massive to quarry and has 

been developed on a commercial scale. An anonymous writer describes the locality 

as follows:" 

''Kosciusco Island, like Dall Island, one of the Prince of Wales Archipelago, is 
commonly spoken of as if it were part of the principal island. The settlement of 
Shakan is on Kosciusko Island and not on Prince of Wales Island. At this place 
there is a large sawmill, a halibut and herring fishery plant, a marble quarry, and a 
gold-bearing quartz mine Cijuipped with a stamp mill. This locality has not been 
developed from Ketchikan, but from Wrangell. It has been a |X)rt of occasional 
call for Alaska steamers, and is on a local steamer mail route from Wrangell to fish- 
ing stations and Jackson, on the west coast of Prince of Wales Island. The marble 
quarry is being prepared for exploitation on a considerable scale by a Fargo, N. 
Dak., company, for which M. Cronin is manager. It is less than half a mile from 
the steamer landing. A plant of marble-cutting machiner}^ has been put in place. 
The qualit}^ of the rock is claimed to be superior. It is sound, even at the weather 
exposed surface, and is expected to enter the Pacific coast market in competition with 
marble brought from Italy in sailing vessels. The gold-quartz vein, owned by Castle 
& Co., was discovered in 1898. It is a wide vein of low-grade ore, most of the values 
being airried in pyrite.'' 

It is probable that when the region has been examined in greater detail other 
areas of the Wales series will be found which contain workable beds of marble. 

The granite of the region, as far as known to the writer, has never been examined 
with reference to its utility as a building stone, and some of it is quite likely to prove 
of conmiercial value. A description of the chanicter and distribution of the various 
granitic t3'pes will be found in the discussion of the general geology. The granite 
of the Coast Range is often (considerably sheared, which would make it less favorable 
for exploitation than the isolated stocks where th(^ rock is more massive. In pros- 
pecting for gninite it will be desirable to examine those parts of the stocks which are 
farthest away from a contact with sedimentary b(»ds. Near the contact the granite 
is liable to contain pyrite, which injures its value for building puqK)ses. 

The matter of finding building stones has, in the opinion of the writer, not 
received adequate attention in southeastern Alaska. The rugged chai'acter of the 

aMin. Sci. Press, September 7, 1901, p. 99. 
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region and the many waterways are favonible for opening quarries. The glaciation 
has removed the debris and weathered portions of the rock. The cheap water trans- 
portation gives access to an excellent market in the States bordering the Pacific, 
where building stone is not sit all plentiful. The limestones of the region will some- 
time undoubtedly be exploitiMi for lime, which would supply the loc^l market, and 
also Puget Sound and other parts of the Pacific coast. 

CLIMATE AND TIMBER. 

The conception of Alaska as a region of ice and snow has so strong a hold 
on the popular mind that it is difficult to remove it. The climate of southeastern 
Alaska is characterized by mild winters, cool summers, and abundant I'ainfall. 
The lowest temperature recorded at Sitka is —H- F., at Juneau —4-'.*' The 
highest is 80^ at Sitka and SH'-' at »Juneau, and these extremes are very excep- 
tional. The precipitation in southeastern Alaska, except at high altitudes, is 
almost entirelv in the form of rain. In the Ketchikan district snow seldom lies 
on the ground more than a few hours. There are almost no meteorologic data 
available for the Ketchikan district proper, though records have been kept for 
many years in Sitka. Ketchikan, which lies about 300 miles south of Sitka, is 
somewhat warmer, and probably has a greater precipitation. The following tables 
summarize the meteorologic data available in regard to this region, and make 
comparisons with better-known regions of the world.* 

a A report to Congress on Agriculture of Alaska, Bull. 48, U. S. Department of Agriculture, Office of Experiment 
Stations. 

b Op. cit,, pp. 7 and 8. 
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[In decrees Fahrenheit.] 



l^M'dlitv. 



>. 

c ^ 

1-5 I U. 



Wrangell <' 26. 2 

Sitka<' 82.t) 

Juneau « ■ 27. 5 



KillisiKK) '', 



I J/. / 



Port Angeles, Wash. '' 34. 7 

Trondhjeni, Norway <* 27. 4 

Bergen, Norway ^ 34. 1 

Christiania, Norway ^ 

Helsingfors, Finland '' 



24.1 
20. » 



Stockholm, Sweden'' 33.5 

Scotland/ 37. 1 



Orkney Ifltands (/ 3S. 5 



Locality. 






Wrangell<' 52.3 

Sitka « 52.3 

Juneau « 49. 9 

Killisnoo « 47. 8 



Port Angeles, Wash.'^. 
Trondhjem, Norway <". 

Bergen, Norway <* 

Christiania, Norway <' . 
Ilelsingfors, Finland ''. 
Stockholm, Swe<len ^ . 

Scotland/ 

Orkney Iwlanda f/ 



52.7 
50.0 
52.7 
52.7 
50.5 
53.6 
52.8 
52. 5 



:^.8 

33. 6 

24.7 
26. 8 

36.7 
2().8 
32.2 
23. 9 
18.8 
29.5 
38.4 
38. 2 



u. 



31. 6 
37.1 
33. 5 
33.1 
41.7 
28.6 
35.4 
29. 5 
26.2 
33. 8 

39. 4 

40. 3 



42.7 
42.1 
40.1 
36. 9 
45. 6 
37.9 
43.7 
39.9 
34.8 
39. 5 
44.1 
43. 3 






49.3 
47. 6 
47.6 
45. 6 
50. () 
45.8 
48.9 
50. 9 
44.1 
52. 5 
49.0 
47.8 









'/-< 









0; 



45.9 


33.5 


32.9 


46.2 


38.9 


35.8 


41.9 


31.2 


29.3 



41.1 
47.7 
41.1 
45.1 
41.9 
43.9 
40.6 
46.4 
4/. o 



33.4 
42.4 
32.7 
38.5 
32.1 
33.7 
:i5.6 
40.6 
42. 6 



30.1 
38.2 
27. 5 
34.7 
25.6 
21.7 
27.3 
37. 8 
40. 9 



43. 
44. 
40. 
40. 
46. 
40. 
44. 
41. 
39. 
43. 
46. 
46. 




2 
9 
3 
1 
6 
6 
9 
2 
4 
1 
2 



'« United States Weather Bureau compilation. 

ft Monthly Weather Review, United States Weather Bureau. IMKl 

fLandrugsdirelct. Beretnin^f, isys. 

''Ofver. Finska VetenHkaps Soe. Forhandlinger (average. Iw;y-1H78). 

<Meteror. laktag. i Sverige k. Svensk Vetens. Akad., 1S90. 

/Trans. Highland and Agl. Soe. Seotland, 1805. 

a Trans. Highland and Agl. Soc. Seotland, 1874. 

9210— No. 1—02 8 



I 55.3 
' 51.9 
I 53.6 
i 51.6 
54. 
53. 6 
55. 
59. 9 
56.9 
57.0 
54.8 
52.8 



^. 



X 

51 



58.2 i 
55.1 
56.6 
55. 2 
5(). 6 
57.2 
57.9 
62.6 : 
61.9 ' 
59.1 I 
57.1 i 
55. 1 



57. 5 
56. 4 
55. 

54. 4 
56.8 
56.3 
57. 5 
60.6 
58.3 
59. 3 
5(5. 6 

55. 



Deo 



8, 343. 
8, 058. 1 
8, 040. 2 

7, 793. 2 

8, 285. 
8, (M6. 3 
8, 324. 3 
8, 775. 1 
8, 315. 3 
8,615.9 
8,271.7 
8, 053. 9 



is- 



a* 



C8 



0; CO . 



1 
1 
1 
1 
1 

1 
1 

2 

1 

2 

1, 

I 



764.0 
479.1 
461.2 
214.2 
671.0 
465.3 
745. 3 
196.1 
^36. 3 
074.9 
692.7 
474.9 



114 



THK KETCHIKAIS^ MINING DISTRICT, ALASKA. 



iirnnje preripitallot) hi mmthenMt'i'u Alaakd and other ntjiotij*. 



I»ralitv. 






3! 



93 






OS 



0) 



Wran-1-Il :?. 4:^ 

Sitka 7. 95 

Juneau 10.59 

Killisnoo 5. 26 

I\»rt Anjrck's, \Va,«li 4.90 

Tron<lhjeiu, Nurway 3.36 

Borgon, Norway 6. 93 

Christiania, Norway 1. 22 

1 Irlsinjrfors, Finland 1. 47 

Sto('kli(»lni, Swodon 0. H« 

Scotland 3. 95 

( )rknev islandn 4. 2i> 



Indies. 
5. 71) 
8. 02 
4.80 
5. 03 
3. 33 
2.28 






0.94 
1.20 
0.44 
3. 00 

3.11 



Inr 

2. 

7. 

6. 

4. 

2. 
2. 

4. 

1. 

1. 

1 
o 



•Jirs. fnrhts. 
58 3. 87 
78 5. 03 
49 5.25 
39 2. 56 
53 I 1.90 
52 I 2.20 
3.78 



33 

16 
34 



1.10 
1.39 
2.85 



78 ' 2. 15 



2.71 1.86 



Inchfu. 
3. (H\ 
3. 89 
7.36 
2.80 

i.a5 

4.09 
1.77 
1.67 
3.12 
2.29 
1.55 



!n('hi'i<. 
3. 56 
3.87 
4.m> 
2.00 
1.50 
2.48 
4.37 
2.04 
1.72 
1.58 
2.50 
2.17 



InrJn's. 
3. 98 
4.14 
5.25 
3. 53 
0.27 
2. 5() 
6.06 
3.:i4 
2.09 
2.62 
3.11 



l^H-alitv. 



^ 



< 



t. 




• 


3? 




"k 




U 
i 


i 


■? 
f 


z. 


0; 



5^ 



Wrangdl 2.62 

Sitka 6. (>7 

Junrau 7. 35 

Killisnoo 4. 80 

Port Anjri'loH, Wash 0. 85 ■ 

Tron<lhjen», Norway 2. 59 

Horjren, Norway 6. 85 

( 'hristiania, Norway 2. 87 

I lelnin^rfors, Finland 2. 71 

SUH'kholni, Sweden 4. 57 

S<M)tland 3.55 

I 

Orknov Islands 2.84 



Tnches. 
9.58 
10.94 
10.04 
6. 39 
2.10 
3.27 
8.26 
2.99 
2.20 
1.27 
3. 67 
2.72 



Inches. 
8. 16 

12.96 
8. 49 
6.92 
2.91 
4.29 
8.78 
2.56 

2. 57 

3. 28 
4.a5 
4.85 



InchcH. 
11.03 
10.77 
8.78 
6.43 
3. 52 
3. 50 
6.73 
1.89 
2.42 
2.65 
3.82 
3.89 



9^ 



0) 



Inches. 
9.44 
8.52 
7. 38 
5.84 
5.35 
4.25 
7.44 
1.26 
1.61 
0.69 
3. 97 
4.33 
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Inches. 
67.01 
90.54 
86. 77 
55. 92 
29.:^5 
:i5. (H) 
69.13 
22.56 
22. 25 
25. 22 
38. 83 
36. 95 






Inches. 
22.80 

29. 51 
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19. 52 
5.77 

13. 22 
29. (>3 
12. 92 
10.39 
13.16 
15.12 
11.94 



CLIMATK AND TIMBER OF SOUTHEASTKRN ALASKA. 1 1 f) 

Many ^^eai's ago some n^cords wore k(»pt at Fort Tont^ass, a military post of 
tho United States, on Tongass Island, at the mouth of Portland Canal, in the 
southern part of the Ketchikan district. These have he(»n sunnnarized in the 
following table and a comparison made with moi*e northerly lying localities of 
southeastern Alaska: 



Mean tein- 
IH»ratnrt». 


>[i'an piv- 
cipitatinii. 


Det/nrs. 


Inches. 


4(). 5 


llS.:iO 

1 


42. 2 


1 (>0. 54 


40 


67. S2 


48. 8 


81. (J9 



Fort Tongaiw <' 

Fort Wran^ell " 

JiiiK'au '' 

Sitka " 

"Dr. Wllliftm H. Dall, PaciHc Coiu^t I'ilot. Ala>kji. ApjM'iKlix I, Meteorolojsfv and HiMictjfraphy, \Va.shin>rloii. 1?<79. 

^ Fourth Rt'ix>rt on the Ajjrh-ultiiral nivcstij^ations in Alaska. liKX), by ('. ('. (JniTveson. Hull. Ni>. 1)4. T. .S. lU'pt. of 
AK^ri<'ult., Ortico of Experiment Stations. Observations of temiK»niture .Inn. -Dee.. 1S9*.>. Oliservations of pre^-ipitatioii 
Jan.-Oet., 1900. 

The facts stated show conclusively that the climatic conditions in the K(»tchikan 
region leave little to be desired for the development of mining enterprises. While 
the abundant precipitation is nither tiying to those who are accustomed to a 
more arid climate, yet this rainfall, though a drawback to the prospector, does 
not interfere with mining developments. In fact, it is an advantage, as it gives 
ample water. Water powers can ])e used and all mining operations can be 
continued throughout the year. Except at high altitudes then* is no snow to 
interfere with transportation or exciivations. 

Southeastern Alaska is heavily forested up to an altitude of about H,(MK) feet. 
The diameters of the larger trees vary from 8 to 5 feet, though trees with a diameter 
of 6 feet, or even more, are to be found in the Ketchikan district. Hemlock is the 
most ccmmion species, but spruce trees are almost as plentiful and of greater connner- 
cial value. Red cedar is common in the Kc^tchikan district, and the valuable yellow 
cedar is also found, but more sparingly. Of the deciduous trees, only black alder 
and a cottonwood (balsam) are plentiful. At one locality in the Ket<-hikan district 
a few white birches were observed. The undergrowth in the region is often very 
dense and the ground is heavily carpeted with moss. Those w ho have occasion to 
jxinetnite the southeastern Alaskan forests have their attention most frecpiently and 
unpleasantly called to the prickly '* devil's club." 

Everywhere in southeastern Alaska, and especially in the Ket<hikan district, 
there is an ample supph* of timber for all local use, including mining. The* spruce, 
while it Joes not afford a particularly high grade of timber, is extensively iLsed for 
building purposes. The hemlock has been less used up to the present time. The 
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IK) THE KKTCHIKAN MININ(» DISTRICT, ALASKA. 

codai* has an export value, but the hiw permits the cutting of timber on Government 
hinds onlv for loeal use. 

While it is not within the scope of this report to treat of the agricultural possi- 
bilities of the region, yet it seems worth while to dmw attention to the fact that the 
influx of a mining population will undoubtedly lead to agricultural dev^elopment. On 
Prince of Wales Island two small farms have been cultivated, and, in spite of the 
(•h(Mip freights, have suct^essfuliy competed with the vegetjibles brought from Puget 
Sound. Hoth climate and soil are adapted to certain kinds of farming. While the 
topography is such that there are few large ai*able tracts, there are untold oppor- 
tunities for the development of small farms and gardens. Those interested in this 
mattcir are referred to the able reports of Professor (leorgeson, of the Department of 
Agriculture*, who has made a sj>ecial study of the agricultural possibilities of Alaska. 
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A RECONNAISSANCE OF THE NORTHWESTERN PORTION OF SEWARD 

PENINSULA, ALASKA. 



By Arthur J. Collier. 



INTRODUCTION. 

In response to an urgent demand by the public, the Geological Sun^ey, in 1900, 
undertook a topographic and geologic reconnaissance of the southern half of the 
Seward Peninsula." The area mapped embraced the more important gold fields of 
the peninsula. The topographic map made in 1900 included the drainage of Bering 
Sea from Cape Darby to Port Clarence, the southern drainage of Grantley Harbor 
and Imuruk Basin, and the northern drainage of Norton Sound. A geologic 
reconnaissance was also made of the York mining district and of part of the Kuzitrin 
drainage. 

In view of the northern extension of these gold fields it was deemed desirable 
that the northern part of the peninsula should be investigated, and a party was 
organized for this purpose in 1901. This party, to which the writer was detailed 
as geologist, was placed under the leadership of Mr. T. G. Gerdine, topographer; 
Mr. D. C. Witherspoon acted as assistant topographer, and Ed. Brown, Robert 
Baskins, Samuel Conrad, J. G. De Forest, and E. Goodall were engaged as camp 
hands. Twelve horses were provided for the transportation of the camp outfit 
in the field. It was thought that a party thus organized and equipped would be 
able to cover a larger area than any one party of the previous season, when 
canoes and men were used for transportation. This expectation was realized, 
although a backward and unusually stormy season made the work difficult and 
prevented the accomplishment of the entire plan,* which contemplated the complex 
tion of the survey of the peninsula. 

a See Preliminary Report on the Cape Nome Gold Region, Alaflka, by F. C. dchrader and Alfred H. BrookH; U.S.Geol. 
Survey, 1900. Also Keconnaiasances in the Ca|:>e Nome and Norton Bay Regions, Alaska, in 1900, by Alfred H. Brookn, 
George B. Richardson, Arthur J. Collier, and Walter C. Mendenhall; U. S. Geol. Survey, 1901. 

6 The average temperature a.8 observed in 1901 wa8 44° in July, 43i° In August, and 40° in September. The mean 
temperature at Port Clarence, as obtained from observations covering four years, is 61° for July, 49° for August, 41° 
for September. The number of rainy days in July, Augu.«t, and September, 1901, as observed by the United States 
Geological Survey party, was 36. The mean number of rainy days at Port Clarence for these months is 29. Cf. 
"Climatic notet" in Beconnaiwancee in the Cape Nome and Norton Bay Regions, Alaska, in 1900. 
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The party assembled in Seattle and on May 30 embarked on the steamship 
Senator^ bound for Nome and Port Clarence. On June 9 the Aleutian Islands 
were passed, and about midnight of that day floe ice was encountered in Bering 
Sea. Several attempts were made to navigate through the ice, but it was found 
impossible, and for six da^^s the ship lay to in the vicinity of St. Paul Island 
surrounded by the ice pack. 

The ship finally dropped anchor at Nome on June 16. It was the first of the 
fleet of large steamers to arrive, and it was almost immediately surrounded by a 
multitude of small boats from the shore, crowded with men who had spent the long 
winter in the Arctic region and were anxious to greet the new arrivals from the 
outside world. The winter of 1900-01 had been an unusually severe one, and had 
begun to break only a few days before our arrival. There were still snow drifts 
in the streets of Nome and blocks of ice along the shore, while the hills back of 
the town were yet white with snow. As Port Clarence was still frozen in, the 
steamer could not make a landing there, and as it was impossible to travel overland 
with horses, owing to the ice in the creek beds and to the absence of grass or 
other forage, it was decided to land the outfit at Nome, which was accomplished 
on June 20. 

Five days later the party started from Nome for Port Clarence; two men 
went by land with the horses and the remainder in a whaleboat with most of the 
supplies. Stormy weather delayed the boat, so that the entire party was not 
assembed in Teller until July 12. At this point work was begun. The signals 
erected the year before by* the Coast and Geodetic Survey were repaired and 
used as a base for the control of the topographic work. The party left Teller 
on July 14 and moved westward along the coast toward Cape York. Progress 
was slow, owing to rainy and foggy weather, which greatly interfered with the 
work of both the topographers and the geologist, and to the necessity of carrying 
a supply of grain for the horses, the grass being very poor. A week later the 
larger section of the party had to be sent back from the forks of the Don River 
for more horse feed. The remainder spent the time in exploring and mapping 
the southern face of the York Mountains and the head of the Don River. 

On July 24 Mr. Gerdine, Mr. Witherspoon, and the writer, with two men and a 
light camp outfit carried on three horses, left the main party, which was instructed 
to move northward by double-tripping with the heavier part of the supplies, and 
proceeded around the north side of the York Mountains to the head of the Anikovik 
River in the York mining district. From this point Mr. Gerdine went northward to 
the main camp near the forks of the Mint River, while Mr. Witherspoon and the 
writer spent several days in mapping the western border of the York Mountains. 
During the season of 1900 Mr. Alfred H. Brooks had spent a few days in this region, 
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INTRODUCTION. 9 

and had discovered stream tin in the placers on the Anikovik River.^ The geologic 
work at York was, therefore, largely directed to an effort to locate the source of 
the tin. 

In the York region generally fuel, consisting of small green willows, often not 
over half an inch in diameter, was found to be very scarce. As the weather was 
often rainy and foggy, the conditions of camp life were far from pleasant. 

The entire party were reunited on the Nuluk River on August 3. Messrs. 
Witherspoon and Goodall, with two horses, were then detailed to traverse the north 
coast of the peninsula, while Messrs. Gerdine, De Forest, and the writer, with three 
horses, made a trip to the head'of the river. During this time the remainder of the 
party moved the heavier part of the supplies to the base of Ear Mountain. On 
August 16 the party was again reunited in a camp on a tributary of the Kugruk 
River near the base of Ear Mountain. Here it was detained several days by severe, 
stormy weather, and the provisions having run short, they were replenished from 
the stores of some prospectors on Tuttle Creek who were leaving the district. 
Grass for the horses was abundant and of good quality, and the unfavorable weather 
gave them a much needed rest. On August 20 the heavy fog which had hung over 
Ear Mountain lifted, and the day was spent on its summit. This mountain rises 
abruptly 2,000 feet above the plateau on which it stands. Near its summit are two 
large pinnacles of granite which from a distance resemble the ears of some great 
animal whose head is hidden behind the hill. The mountain was first located and 
named "Ears" on a chart made by Captain Beechey in 1826. The Eskimos know 
it by the name "Enigarok," which translated into English is said to mean ears, so 
that it is probable that this same name has been applied to this mountain since it 
was first known to man. Ear Mountain occupies a commanding position, and from 
its summit, below the low-hanging clouds, sights were taken to the Siberian coast, 
Diomede Island, Cape Mountain, Mukacharni Mountain, Midnight Mountain, Devil 
Mountain, and Shishmaref Inlet, besides numerous minor points. 

From Ear Mountain the party moved as I'apidly as possible southeastward, 
crossing the headwaters of the several rivers and creeks which together make up the 
American River, as the left fork of the Agiapuk River is called, and also crossing 
the Mary River about 10 miles above its mouth. The weather during this trip was 
more favorable than it had been earlier in the season. On the morning of August 
22, however, while in camp on Igloo Creek, an inch of snow fell, and several days 
were lost because of bad weather. When approaching Marys Igloo, which lies in a 
bend of the Kuzitrin River, well down in the Kuzitrin Flats, a short cut was made 
across the tundra. In places it was so marshy that the horses would have been lost 
but for the solid ice which was found to underlie the moss at a depth of about 2i 

aBeconnaiaeaDcea in the Cape Nome and Norton Bay Beglom), Alaska, in 1900, p. 186. 
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feet. Marys Igloo was reached on September 3. This place, the former winter 
home of a well-known Eskimo woman, is at the head of steamboat navigation on the 
Kuzitrin River, and has within a yejir or two })ecome a settlement of some impor- 
tance. Here the stock of provisions was replenished from supplies shipped to this 
point from Nome and kept in storage by Mr. A. D. Nash, who was doing a geneml 
freighting business on the Kuzitrin River. The horses here rapidly recuperated 
from the privations of the long trip, as forage was abundant. At Marys Igloo the 
party was again divided, Mr. Witherspoon with two men going westward to map 
the lower })asin of the Agiapuk and to return to Nome by way of Teller and the 
beach, while the remainder of the party made a hasty trip northward. 

Mr. Witherspoon -s party successfully crossed the Agiapuk River at a point where 
its broad alluvial basin narrowed down between low bluffs, examined the mines on 
Allene Creek, and arrived at Nome about September 23, having accomplished its 
task. 

The remainder of the party proceeded up the Kuzitrin River to Lanes Landing, 
where there is a small settlement, and thence took the wagon road to Quartz Creek. 
Near this point a halt of two days was made to examine the placers in the vicinity 
and to occupy Coffee Dome, a low mountain which is one of the prominent 
landmarks of the Kugruk. district. Thence the party proceeded northward to the 
junction of Windy Creek with the Kugruk River and up the Kugruk River to the 
mouth of Taylor Creek, making a side trip to the summit of Baldy Mountain. On 
September 14 camp was made about 3 miles from Midnight Mountain on Schlitz 
Creek, tributary to Shishmaref Inlet. Here, during a halt of two days, the writer, 
with Mr. De Forest, visited the hot springs, about 7 miles to the north; and Mr. 
Gerdine oc<?upied Midnight Mountain, which commands a view of the whole 
northern coast of the peninsula from Ear Mountain to Goodhope Bay. On 
September 17 the party proceeded southward by a long march to the North Fork of 
the Kugruk, crossing Taylor and Harris creeks. Here a halt of one day was made 
while the writer ^visited the mines on Boulder Creek, about 8 miles to the south. 
On September 19 the camp outfit was sent by way of Baldy Mountain and Dahl 
Creek to Lanes Landing. The plan was for Mr. Gerdine and the writer to secure 
some kind of transportation down the Noxapaga and Kuzitrin rivers, and thus to 
complete the mapping of those rivers, and then to rejoin the party at Lanes 
Landing. After a delay of three days at Noxapaga, during which time hasty 
trips were made to Garfield Creek and to the edge of some lava beds on the 
Kuzitrin, transportation was secured down the river through the courtesy of Mr. 
A. D. Nash, and during the journe}^ the numerous bends were mapped. On 
September 23, at 11 p. m.. Lanes landing was reached, over 100 miles by river 
having been traversed to gain an air-line distance of about 25 miles. Here the rest 
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of our party was found; and, since the season was nearly spent and the hard frosts 
occurring nearly every night were rapidly destroying the grass, it was decided to 
return to the coast. After a halt of one day to readjust the loads and to dispose of 
all surplus weight, the start southward was made on September 25. The route lay 
by way of the Kruzgamepa River, Salmon Lake, and the Nome-Snake divide to 
Nome. This journey took five da^^s, three of which were pleasant, but during two 
days rain and snow fell in torrents, and was accompanied by strong winds. 

Nome was reached on September 30. There Mr. Witherspoon and the parties 
of Peters and Mendenhall, which had arrived from the north a few days before, 
were found. On October 6 all these parties embarked on the steamship St. Paul 
for Seattle, which was reached October 17 after a pleasant voyage. 

A distance of about 700 miles was traversed by the party between July 14 
and September 26. Data had been secured for topographic, geologic, and 
economic reconnaissance maps covering an area of nearly 5,000 square miles. 
Triangulation was carried eastward from Port Clarence to Mount Bendcleben, 
which proved the accuracy of the work done b}^ Messrs. Barnard, Hefty, and 
Beaburn of the United States Geological Survey during the previous field season. 

GEOGRAPHY. 

General outline. — Seward Peninsula is an irregular land mass, comprising 
approximately 20,000 square miles, and extending from the western coast of 
Alaska westward to within 60 miles of the Asiatic coast, from which it is separated 
by Bering Strait. It separates Bering Sea from the Arctic Ocean, and is itself 
cut oflf from the mass of the continent on the south by Norton Bay, a deep 
indentation of Bering Sea, and on the north by Kotzebue Sound, an inlet from 
the Arctic Ocean. A mountain axis, represented m the Kigluaik and Bendeleben 
ranges, divides the peninsula naturally into a southern and a northern part. 
This axis has an area of depression, partly occupied by the sea, on its northern 
side. The southern part of the peninsula was investigated b}' the United States 
Geological Survey in the season of 11)00, and is the subject of a report entitled 
Reconnaissances in the Cape Nome and Noi^ton Bay Regions, Alaska, in 1900. 
The present report deals with the northwestern part of the peninsula, comprising 
an area of approximately 5,000 square miles b^ng west of the one hundred 
and sixty-fourth meridian and north of Port Clarence and Imuruk Bay. 

Shore iin£. — Along the southern edge of this area the series of bays and sounds 
known as Port Clarence, Grantley Harbor, Tuksuk Channel, and Imuruk Basin 
form an inland extension of the sea. In its eastern half the southern shore line 
is characterized by broad, low, coastal plains, often fringed with lagoons shut in 
by wave-built beaches, but where it is open to Bering Sea, from the entrance 
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08 coantal plains and as inland basins, and are built up from gravels derived from 
the upland portion. 

The cimtral upland portion is characterized by broad benches and flat-topped 
hills, representing remnants of uplifted and dissected plains. The maximum eleva- 
tion in the northern portion of the peninsula Is found in Brooks Mountain at 
2,1HX) feet. 

These features will l>e further discussed under physiography. Some small 
mountain masses and isolated buttes, with relief of from 500 to 1,500 feet, are 
scattered over the upland plateaus with no definite system of arrangement. In most 
instances these represent harder members of the bed rock, which have resisted 
erosion. The York Mountains, covering an area of about 100 square miles, are 
a rugged mountain mass, attaining at their highest point, in Brooks Mountain, an 
elevation of 2,900 feet; while the buttes are represented by Mukacharni, Cape 
Mountain, Cone Hill, E^r Mountain, Midnight Mountain, and others, all of which 
will be considered in more detail in other parts of this report. 

Between the drainage basins of the Agiapuk and Kugruk rivers a series of 
high hills and ridges bearing in a north-south direction culminates in Kugruk 
Mountain, which has an elevation of 2,767 feet. 

GENERAL. GEOLOGY. 

OUTLINE. 

The areal distribution of the various formations and their stratigraphic 
relations are indicated on the accompanying geologic map and section (PI. III). As 
the map embraces an area of nearly 4,000 square miles, and as only seventy days 
were spent in the field work, and most of these were stormy, the conclusions 
reached must be regarded as only tentative and the boundaries indicated as only 
approximate. The scarcit}^ of outcrops in some parts of the region added to the 
difficulties of the work. The classification of the stratigraphic succession in 
general is the same as that adopted by Mr. Brooks^ in 1900. It has been 
possi})le, however, because of the additional stratigraphic and paleontologic 
evidence obtained, to subdivide the terranes which were grouped together b}'^ 
Brooks under the name Nome series. The following table shows the strati- 
gmphic eciuivah^nts of the various subdivisions made by Brooks, Mendenhall,* 
and the writer: 



') RtM'onnHiwwiH^eH in (-hik; Nome and Norton Bay Regions, Alaska, in 1900, pp. 27-31. 
fridcm, pp. 27-31, lW-207. 
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The above table shows that four subdivinions have been made of the sedimentary 
bed rocks of the northern portion of the Seward Peninsula. The Kigluaik series 
is the oldest, and is made up of white crystalline limestones and mica-schists. 
Succeeding this, apparently conformably, is the Kuzitrin series, made up of 
arenaceous and argillaceous sediments. These two series arc identical with those 
described by Brooks. The Kuzitrin series is overlain by the Nome series, 
probably unconformably, as suggested by Brooks. The Nome series has been 
here subdivided into two conformable groups, the lower named the Port Clarence • 
9415— No. 2—02 2 
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limestone and the upper called the Kugruk group. The Port Clarence limestone, 
which is blue and almost unaltered, was found to contain Lower Silurian fossils. 
The Kugruk group is nuide up of limestones and calcareous beds, with some 
argillites, which are locally considembly altered. The unconsolidated sediments 
which have been assigned to the Pleistocene include sands, gravels, and alluvium, 
and need no special mention here. 

Three classes of igneous rocks have been recognized in the region and indicated 
on the map. The oldest are intrusives of various types, which are usually schistose, 
and these have been grouped together under the field tern) greenstone. The 
granites form a second group, and probably represent Mesozoic intrusions. These 
two classes were recognized by Brooks, but the third, which comprises Pleistocene 
lavas, was not represented in the region mapped in 1901. 

In the northern part of the peninsula the earliest crustal movements produced 
a series of folds whose axes run approximately north and south. This deforma- 
tion probably took place in Paleozoic times, and was accompanied by extensive 
intrusions of greenst^)ne. A later period of distur})ance, probably during the 
Mesozoic, produced folds whose axes are tmnsverse to the earlier system. This 
was accompanied by the intrusion of some large masses of granite. 

STRATIGRAPHIC SUCCESSION. 
KIGLUAIK SERIES. 

The Kigluaik series was named and described in the report cited, and the 
investigations made by the writer have not added nmch information concerning it. 
Its type section is in the Kigluaik Mountains, where it consists of white crystalline 
limestones with some interbedded mica-schists. This series occupies a considerable 
belt in the southeastern part of the are^ under consideration, where it, together 
with the associated granite, fonns the main mass of the Bendeleben Mountains. 
On the eastern flank of Cape Mountain, near Cape Prince of Wales, it is again 
exposed by the erosion of an anticlinal fold. This occurrence was not examined 
by the writer, but was de^^cribed by Mr. Brooks as a belt of crystalline limestone, 
often beautifully banded and containing interiralated l)eds of mica-schist, and 
intruded by a large granite batholith. This limestone is the oldest rock in the 
York region, and it and the granite of Cape Mountain have the same relation 
as the limestones and granites in the Kigluaik Mountains. It was therefore 
tentativelj" correlated by Mr. Brooks with the Kigluaik series. 

KUZITRIN SERIES. 

The type rock of this series is a graphitic quartzite, or quai-tz-schist, sometimes 
passing into a graphitic flag, or even a slate. The Kuzitrin series forms a well- 
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slope of the Kigluaik Mountains, near the head of the Kruzgamepa, it appears to be 
one of unconformity. In the York region, as will be shown, a similar relation of 
the two series seems to obtain. Where originally described, in the southern part 
of the peninsula, the basal member of the Nome series is a flaggy limestone or 
calcareous schist, probably less than 1,000 feet in thickness. Above this terrane a 
few hundred feet of gmphitic limestones and phyllites were found, succeeded by 
heavily bedded limestones aggregating 1,000 or 2,00<j feet in thickness. The upper 
part of the Nome series, of which no measure of thickness was obtained, is 
made up of thin-bedded limestones, calcareous schists, and mica-schists. A few 
fragmentary fossils were found in the lower part of the series, which were 
determined as Ordovician. It was recognized by Brooks" and his associates that 
the Nome series included terranes of widely diflFerent ages, but the character of the 
field work did not permit of any subdivisions at that time. Attention was called to 
the large number of greenstones occurring in the series, and also to the comparatively 
local character of its metamorphism. The investigation of the last season has 
enabled the writer to subdivide the Nome series into the Port Clarence limestone 
and the Kugruk group. 

Port Clarence Vvn\eston<\ — North of Port Clarence the basal member of the 
Nome series was found to be a gray, earthy limestone, which over large areas 
exhibits but little evidence of metamorphism. This limestone occupies a large 
area, including the York Mountains, near the western extremity of the peninsula. 
Within this belt are a few small areas of Kuzitrin rocks which have been exposed 
by dome-like uplifts. 

A short distance north of Gmntley Harbor some ((uartz-schists which belong 
to the Kuzitrin series are found outcropping near the exposures of the Port 
Clarence limestone. The quartz-schists have steep dips, and are considerably 
indurated, while the Port Clarence limestone consists of blue limestone which has 
been but little altered. There can be but little doubt that the relation of the two 
terranes is one of unconformity, the limestone being the younger. 

Along the western margin of the Port Clarenc^j limestone belt the contact 
relations with the Kuzitrin series also point toward unconfomiity. The contact, 
which was traced for several miles, there follows the western face of the York 
Mountains; and while the evidence was not decisive, it all pointed toward a 
structural break between the two formations. The arenaceous rocks of the 
Kuzitrin series along this line of contact are indurated and have a highly developed 
cleavage, while the Port Clarence limestone, which forms the mass of the mountains 
to the east, is little altered and has low dips. The relations are more or less 
obscured by the large intrusion of greenstone which occurs near the contact of 

aReconnainances in the Cape Nome and Norton Bay Hegions, Alaska. In 1900. p. 81. 
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the two series. All this evidence leads to the conclusion that the deposition of the 
arenaceous beds of the Kuzitrin series was followed bj^ erustal movements by which 
the beds were indurated and a well-marked cleavage was developed. After this 
period of disturbance the Port Clarence limestone was deposited unconformably 
on the older series. 

The York Mountains are largely made up of the Port Clarence limestones, 
which, as stated above, are usually but little altered. They are plainly bedded, and 
have been folded in a broad way only. This formation comprises a thickneas of at 
least 2,0(X) feet of almost pure limestone. The l)asal beds are flagg}- and slightly 
schistose, !)ut the stnita l>ecome more massive in ascending the series. They 
contain invertebrate fossils and impressions of fucoid stems. 

The Port Claren(»e limestone was positively identified over an area 36 by 45 
miles. Within this area dips vary from horizontal to 45^, and the axes of the 
folds follow no well-defined system. During the hasty reconnaissance no domi- 
nant structural features were recognized. Reference has already been made to 
some small areas of older rocks which occur within this belt, and with which are 
associated gi*anite dikes. As has been stated, these rocks are regarded by the 
writer as belonging to the Kuzitrin series. If this view is correct, they represent 
either residual hills in York slates which antedate the deposition of the Port 
Clarence limestones, or the}- have been brought up by faulting or folding since its 
deposition. 

On the south and west the Port Clarence limestone, as has already been shown, 
is well defined by contact with the underlying strata; to the north it is bounded b}" 
the Pleistocene gi-avel. To the northeast, where it passes under the Kugruk group, 
the limits of the formation are obscured by what seems to be local metamorphism. 
For this reason it has not been thought best to represent this boundary on the 
geologic map b}^ a sharp line of demarcation. This part of the map has been left 
uncolored, but the following description shows the chai'acter and general relations 
of the bed rock. 

Along the Nuluk River the Port Clarence limestone dips to the north and 
passes under calcareous schists, probabl}' belonging to the Kugruk group, which 
outcrop along the creek near the southern margin of the coastal gravel. Near the 
contact at this place the Port Clarence limestones are flaggy and show rather intense 
folding. In following the divide northward from the head of the Nuluk River 
toward Ear Mountain the line between the Poi*t Clarence limestone and the schistose 
limestone was very noticeable, but the age of the schistose limestone was not deter- 
minable. Eastward from the head of the Nuluk River the Port Clarence limestone 
was found to extend to the low divide between the headwaters of the Agiapuk and 
American rivers. At this place these limestones dip northeastward at a high angle. 
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About 10 miles east of this locality, and along the east side of the American River 
Basin, the bed rock was found to consist of highl}^ altered limestones and graphite- 
schists and mica-schists, dipping toward the west. These rocks were of the type 
common in the Nome series of the southern half of the peninsula. The strati- 
graphic evidence is not sufficient to justify an}*^ conclusions in regard to their 
relations with the Port Clarence limestone. 

Between the head of the Nuluk River and Ear Mountain very few exposures 
of bed rock were seen. The region is to a large extent covered by gravel and 
tundra. Some depressions were seen on the broad ridge, which indicate limestone 

sinks beneath the gmvel. 

Elar Mountain consists of rocks which probably belong with the Kuzitrin 

series. The relation of the^e rocks to the schistose limestones found to the south- 
east of Ear Mountain was not determined. These latter limestones are highly 
crystalline and often schistose, but are practically homogeneous and represent 
a great thickness of strata. The bedding is often obscured by jointing and 
cleavage. The dips, where they can be determined, are high. Above these 
highly altered limestones there is a bed of graphitic schist, above which the bed 
rock consists of alternating beds of schist and limestone common in the Nome 
series, in which the limestones predominates. If these highly altered limestones 
which lie to the south and east of Ear Mountain are correlated with the Port 
Clarence limestone, then the graphitic, micaceous, and calcareous schists and 
limestones overlying it l>elong to the Kugnik group. 

The age of the Port Clarence limestone was definitel}^ determined by the 
fossils from several localities. These were submitted to Mr. Charles Schuchert, 
of the National Museum, who reports as follows: 

"Loc. 26. July 20. Two miles southwest of forks of the Don River. 
Poranibonites^ probably I\ httercedens Pander; Cohimmirla with large corallites, 
and Bythjotrypii? sp. undet. 

**Loc. 28. July 21. Mountain 4 miles north of Rapid River. Illsmvsxies,r 
L tauTncornU but much smaller; lUsenun sp. undet.; and a lithistid sponge on the 
order of Calathium. 

"Loc. 45. July 23-24. Don River 4 miles north of Tozier Creek. 
Miiclurina^ probably M, jnaixiUibensh Whiteaves; Columnaria with small corralites; 
HalysUes catenvlaria Linne; Syrlngopora sp. undet.; Streptddsmaf ; and an unde- 
termined LopJiospira. 

*'Loc. 77. August 9. Bluff above Nuluk River, latitude 65^ 41', longitude 
166^ 20'. Orthis^ probablj' O, jmrva of {European Russia. 

"Loc. 78. August 10. Foot of tahis slope, Nuluk River. A large section 
of an undetermined gasteropod. 

'•IxK^ 76. Augast 10. Bowlder from gravel of Nuluk River. Fragments 
of a large trilobite. Undeterminable. 
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"Loc. 185. Pebble from sand spit 1 mile north from Teller. Gh'rvanella. H.nd 
Raphistoma f 

"The above localities represent the middle of the Lower Silurian system. This 
is the first proof of the occurrence of rocks of this age in Alaska. Localities 26, 28, 
and 77 are particularly interesting, as species found there were first described from 
Kuropean Russia about St. Petersburg. This fauna has not before been ascertained 
to occur in America, nor has PoramUxmHen been noted in any American Arctic region. 

"Locality 45 is also very interesting and perplexing — perplexing in that the 
association of Halysitei^ with Syrhigarp&ra would under ordinary circumstances be 
accepted as proof for Upper Silurian age. However, since both are here associated 
with such unmistakable Lower Silurian forms as Maclurhui manH(^>ei^HiH and 
Colunmarid^ the latter outweighs the evidence of the corals. On the other hand 
IFalyHit^s is often found in the Lower Silurian, and while I know of no Syriugopoi*a 
in this system, j^et I learn from Mr. Ulrich that this genus has been noticed by him 
twice in association with I^wor Silurian species.'" 

To recapitulate briefly, the Port Clarence limestone is typically a gra}', slightly 
indurated rock of Lower Silurian age. The formation ha^ a thickness of probabl}- 
2,000 feet, and it occupies a considerable area in the western part of the Seward 
Peninsula. It probabl}' overlies the Kuzitrin rocks uncomformabiy. Usualh' it 
is only gently folded, but near its northeastern boundary it has been considerably 
disturbed and somewhat metamorphosed. 

Kiigruk group. — Much of the region mapped during last season is occupied 
b^' interstratified limestone.s, mica-schists, and graphitic schists, which have been 
classed together under the name Kugruk group. This group constitutes the upper 
member of the Nome series, and in lithologic chaiiicter has a close resemblance to 
the rocks in the ix>rtion of that series which is found in the southern part of the 
peninsula, between the coast and the Kigluaik Mountains. Like them, the Kugruk 
rocks include many schists and intrusive masses of schistose greenstone. Reference 
to the map will show that the Kugruk group covers a large area extending eastward 
from the American River. The rocks of this group differ from the older Port 
Clarence limestone in that they do not include any great thickness of pure 
limestone strata, such as are found in the older formations. The limestones 
included in the group frequently grade off into calcareous and micaceous schists — 
a characteristic which was not observed in the Port Clarence limestone. As has 
been shown, the contact with the older formation is obscure, and did not yield 
definite evidence of the sti-atigmphic relations of the two terranes. The dominant 
structures are a series of open folds whose axe^ stretch in a north-south direction. 
The dips of the strata are variable; they are usually low, but sometimes reach 80^. 

The Kugruk group yielded fossils at onh' one locality. Some imperfect fossils 
were obtained from the summit of Baidy Mountain, on which Mr. Schuchert makes 
the following report: 
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"Lo<;ality 163 indicates a second formation younger jthan any of the above- 
described lots. The rock has undergone considerable alteration, so that the fossils 
are mostly undeterminable. However, the presence of a coral like Cladopora or 
Striatopora indicates either Upper Silurian or Devonian. No coral of this nature is 
known to me in the Lower Silurian." 

This evidence, as far as it goes, shows that the group is in part of Upper 
Silurian or of Devonian age. As the Kugruk group includes all of that portion of 
the Nome series as originally defined which lies aljove the Port Clarence limestone, 
it may be in part Mesozoic, for in the earlier report evidence is presented which 
goes to show that the upper beds of the Nome series are in part. Mesozoic.^ No 
additional facts bearing on this point were observed during last season's work. 

The rocks which make up the Kugruk group are, as a rule, more altered than 
the Port Clarence limestone, which is believed to be the older formation. This 
anomaly is rather difficult to explain, but can perhaps be assigned to the progressive 
increase in degree of metamorphism which is found in passing from west to east in 
this province. In the York Mountains the strata are usually only gently folded 
and little indurated, while to the east of the American River, where the Kugruk 
beds are developed, the dips are often steep and the rocks considerably altered. As 
a concomitant to the more disturbed condition in the eastern province the greenstone 
intrusives are more abundant and have themselves produced more or less meta- 
morphism. These facts bear out the statement made in the previous report,* that 
in the Seward Peninsula the forces which produced metamorphism acted very 
locally. 

As the limited field work done in the region did not permit of working out the 
structure of the Kugruk rocks in detail, it has been thought best to add the following 
more or less detailed but fragmentary descriptions. 

On the east side of the American River, Budd and Igloo creeks cut across the 
strike of a series of limestones interbedded with graphitic and calcareous schists, 
with some small sills of greenstone. The dips measured vary from horizontal to 
70°. The topography is determined by the bed-rock structure, the principal 
features being a series of north-south ridges parallel to the prevailing strikes. 
Between the drainage basins of the American and Kugruk rivers these strike 
ridges form a sharp divide. Kugruk Mountain, at the northern end of this divide, 
is composed of a great thickness of highly metamorphosed quartz-mica-schist, prob- 
ably an altered sediment. It is surrounded by crystalline limestones, which on the 
west side dip toward the west, away from the axis of the ridge. In this mountain 
the bedding is wholly obscured by the secondary foliation or schistosity. The 
limestones at the east base of the mountain were seen only from a distance, so that 

« Rt'connaiwyinccH in the Cape Nome and Norton Bay Resions. Alaska, in 1900, p. 31. 
6 Idem, pp. 34-16. 
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'*' Locality 163 indicates a second formation younger than any of the above- 
described lots. The rock ha.s undergone considerable alteration, so that the fossils 
are mostly undeterminable. However, the presence of a coral like ClacUtpora or 
Striatopora indicates either Upper Silurian or Devonian. No coral of this nature is 
known to me in the Lower Silurian." 

This evidence, as far as it goes, shows that the group is in part of Upper 
Silurian or of Devonian age. As the Kugruk group includes all of that portion of 
the Nome series as originalh^ defined which lies alx)ve the Port Clarence limestone, 
it may be in part Mesozoic, for in the earlier report evidence is presented which 
goes to show that the upper beds of the Nome series are in part. Mesozoic.^ No 
additional facts bearing on this point were observed during last season's work. 

The rocks which make up the Kugruk group are, as a rule, more altered than 
the Port Clarence limestone, which is believed to be the older formation. This 
anomaly is rather difficult to explain, but can perhaps be assigned to the progressive 
increase in degree of metamorphism which is found in passing from west to e^st in 
this province. In the York Mountains the strata are usually only gently folded 
and little indurated, while to the east of the American River, where the Kugruk 
beds are developed, the dips are often steep and the rocks considerably altered. As 
a concomitant to the more disturbed condition in the eastern province the greenstone 
intrusives are more abundant and have theuLselves produced more or less meta- 
morphism. These facts bear out the statement made in the previous report,* that 
in the Seward Peninsula the forces which produced metamorphism acted very 
locally. 

As the limited field work done in the region did not permit of working out the 
structure of the Kugruk rocks in detail, it has been thought best to add the following 
more or less detailed but fragmentary descriptions. 

On the east side of the American River, Budd and Igloo creeks cut across the 
strike of a series of limestones interbedded with graphitic and calcareous schists, 
with some small sills of greenstone. The dips measured vary from horizontal to 
70°. The topography is determined by the bed-rock structure, the principal 
features being a series of north-south ridges parallel to the prevailing strikes. 
Between the drainage basins of the American and Kugruk rivers these strike 
ridges form a sharp divide. Kugruk Mountain, at the northern end of this divide, 
is composed of a great thickness of highly metamorphosed quartz-mica-schist, prob- 
ably an altered sediment. It is surrounded by crystalline limestones, which on the 
west side dip toward the west, away from the axis of the ridge. In this mountain 
the bedding is wholly obscured by the secondary foliation or schistosity. The 
limestones at the east base of the mountain were seen only from a distance, so that 

« Rt^'onnaisstinceH in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 31. 
ft Idem, pp. 34-;:6. 
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their attitude with regard to dip and strike is not known. Their position flanking 
the ridge on both the east and the west side suggests the belief that the Kugrak 
ridge is an anticline. The schist of Kugruk Mountain, as well as the surrounding 
limestone, is cut by small dikes of rhyolite. 

Southward from Igloo Creek, toward the Kuzitrin River, a low north-south 
ridge of limestone, between outcrops of schist, has sharply folded bedding planes 
standing nearly vertical, with a well-marked, nearly horizontal cleavage. On 
the broad ridge l>etween the forks of the Marv River there are several low, 
rocky buttes of pure white crystalline limestone, in which the bedding is 
not distinguishable from a complex system of jointing. This ridge is covered 
generall}' with waterworn gravels, and few outcrops were seen. South of this 
limestone the dark slates and quartzites of the Kuzitrin series form a broad belt 
between it and the Imuruk flats. In a hill toward the west, about 5 miles away, 
the white limestone could be seen overlying the dark slate, the line of contact 
between the two dipping northward at an angle of 10"^. These limestones lying 
above the Kuzitrin slates are probably an altered form of the Port Clarence 
limestone. However, in this locality they can not be distinguished lithologically 
from the Kugruk limestone. 

Along the Kuzitrin River above Marys Igloo the Kuzitrin slates and schists 
strike to the northeast and dip to the northwest. Above these schists, in the 
vicinity of Quartz and (!)offee creeks, some very highly altered mica-schLsts were 
found in fragments strewn over the surface. No outcrops were seen, and their 
relation to the Kuzitrin formation could not be determined. This region is so 
deeply gi-avel covered that little can be learned of its bed-rock structure. 

The canyon of the Kugruk River follows in a general way the strike of the 
bed rock, which consists of highly altered mica-schists and limestones, interbedded 
with some large masses of greenstone. The greenstone is schistose, having dip 
and strike parallel to the foliation of the mica-schists and the bedding of the lime- 
stones. The angles of dip are often high, but vary from 10^ to 80^. The strike 
is generally north and south, parallel to the direction of the river. Dips both 
to the east and to the west were noted. The tributaries from both east and west 
sides of the river carry gravel containing limestone and schist pebbles. Near the 
head of the river dark graphitic schist, consisting mainly of secondary quartz, 
feldspar, and calcite, forms Midnight Mountain, and these are regarded as a part 
of the Kugruk group. 

In the preceding account of the Kugruk group it has been shown that the whole 
region from the east side of the American River to the edge of the area mapped is 
characterized by bed rock showing a rather high degree of metamorphism, which 
is made up of thick 4>eds of limestone interbedded with schists of various composi- 
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tion, including mica-, graphitic, and quartz-chlorite-schists. These beds have been 
folded into anticlines and synclines with north-south axes. 

In general the limestone and schist of the Kugruk group east of the American 
River are more highly altered than the Port Clarence limestone, and consist of 
beds which are variable in their lithologic' character, while the Port Clarence 
limestone is nearly pure. The Poii; Clarence limestone is known to be of Lower 
Silurian age, while Upper Silurian or Devonian fossils bave been found in the rot^ks 
of the Kugruk group. 

SURPICIAL DEPOSITS. 
GENERAL DESCRIPnON. 

Unconsolidated material, consisting of gravels, sanda, and silts, constitutes 
the most widely distributed terrane of the region. These deposits are as a rule 
plainly stratified, and while the individual exposures show no plication the}' 
have been subjected to a certain amount of deformation, as will be shown in 
the discussion of the physiography. A bed of black silt, varying from a few 
inches to 20 feet in thickness, in many places forms the topmost layer of the 
unconsolidated terrane. Remains of both mammoth and horse have been found in 
this silt, showing it to be of Pleistocene age. As this Pleistocene silt bed and 
the underlying sands and gravels make up a conformable series, they are 
probably all of Pleistocwe age, and have been so represented on the accom- 
panying map. 

On the geologic map only the more extensive Pleistocene deposits are shown. 
These are of two types, represented by the coastal plain and the inland basins. 
The largest areas of Pleistocene are found in the Arctic coastal plain, the Port 
Clarence coastal plain, and the inland basins of several of th^ rivers tributary to 
Port Clarence. 

In general the deposits in these large areas are similar; they consist largely of 
silts and sands, and near the margins often contain considerable gravel. The sand 
dunes and beach deposits can also properly be grouped with the coastal plain 
Pleistocene. 

A third class of surficial deposits consists of the material forming the flood 
plains and benches of the rivers and creeks. These fluvial deposits grade on one 
hand into the coarse gravels of the smaller tributaries, and on the other into the 
finer material which characterizes the Pleistocene beds of the inland basins and 
coastal plains. 

A fourth clasj^ of deposits includes all those on high benches and terraces which 
are not assignable to the action of existing streams. In addition to distinctly 
waterworn material, there are extensive deposits of bowlders, pebbles, and clay, 
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which mantle many of the pkteau surfaces, and are in part produced by weather- 
ing, but in many instances include some waterworn material. 

COASTAL PLAIN DEPOSITS. 

Arctic coastal philn. — This is a broad lowland bordering the Arctic coast from 
Cape Prince of Wales to Cape Espenberg. Along its southern margin it is 
composed of gravels derived from the adjacent bed rock. Near the coast the material 
becomes finer, and is made up of beach sand, sand dunes forming an important part 
of the deposits. A series of lagoons fringes the coast, which is separated from the 
Arctic Ocean by barrier beaches. Sand dunes are being built on these barrier 
beaches, which are encroaching on the lagoons from the seaward side, and the rivers 
and streams are filling up the. lagoons ivom the landward side. The southern edge 
of the gravel deposits is serrate, since the gravels extend up the rivers and creeks 
and merge with the fluvial deposits of the flood plains. Their southern limit can be 
drawn approximately on topographic evidence, since the gravels are seldom found 
above the 200- foot contour. 

The width of the coastal plain varies from about 5 miles near Cape Prince of 
Wales to 30 miles at Shishmaref Inlet. The depth of the Pleistocene deposits is not 
great along the southern edge, but it probably increases toward the coast. On 
the Mint, Nuluk, and Kugruk rivers isolated outcrops of the underlying bed 
rock were seen in the river banks several miles north of the southern edge of 
the gravels. Between the Pinguk and Nuluk rivers an island-like mass of bed rock 
is wholly surrounded by these deposits. South of Ear Mountain the Pleistocene 
extends over the divide between the Kugruk and Arctic rivers, almost cutting off 
the Ear Mountain area of bed rock from the hard formations adjacent on the south. 
In the silts which overlie the gravels and quite generally form the upper layer of 
these deposits mammoth bones are common. Mr. Charles A. Ruddy, who spent a 
part of the season of 1901 on Tuttle Creek, a tributary of the Kugruk, reports that 
they are almndant along that river. One large tusk in the silt, 15 feet below the 
surface, was partly exposed by the river cutting its bank. Mammoth teeth were 
seen by the writer on the Nuluk River, and they are reported to occur on other 
streams of the coastal plain region. 

Port Clureiice coastal plain, — ^This second coastal plain embraces a small 
lowland lying north of Port Clarence. It has a maximum width of about 5 miles, 
and extends from the mouth of the Rapid River to Grantley Harbor, a distance 
of about 24 miles. Along its southern edge the plain has a gravel escai*pment 
about 20 feet high. The gravel is composed principally of pebbles derived from 
the Port Clarence limestones. The plain rises gradually toward the north, and 
along the base of the hills the gravel covering is only a few feet in thickness, 
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and rests on the upturned and truncated edges of Port Clarence limestones. 
Below the gravel escarpment, at the southern edge, the present beach has been 
formed. The beach is composed of sand and gravel derived from the escarpment. 
A large lagoon cuts it off from the mainland. This beach and lagoon have been 
formed since the elevation of the coastal plain. 

INLAND BASINS. 

There are three extensive lowland basins in the province under consideration, 
which will l)e called the Agiapuk, Imuruk, and Kuzitrin lowlands. Except for 
the fact that they are inclosed by uplands, they resemble the coastal plains. 
They occupy broad basins, probably produced in part by deformation, and 
represent either lakes or estuaries which have been filled with gravel and 
silt deposits. The Agiapuk lowland is connected along the flood plain of the 
Agiapuk River with the lowland of the Imuruk Basin. A short can3'on cut in 
bed rock intervenes between the Imuruk Basin and the Kuzitrin lowland. All 
three of these basins probably have the same history. They were formed at 
nearly the same time and their silt and gravel deposits are of Pleistocene age. 

Agiapuk Imoland, — This lowland, having an area of about 60 square miles, is 
located in the valley of the Agiapuk River, 25 miles above its mouth. It is 
dotted over with many lakes, and from the surrounding hills it has the appearance 
of a filled lake or estuary. As they approach the plain the tributaries of the 
Agiapuk River have broad valleys and flood plains. A mining shaft has been 
sunk on Allene Creek, one of the tributaries from the south, and is said to have 
failed to reach bed rock at a depth of 65 feet. Below a surface layer of gravel, 
blue clay containing bark and other driftwood was found. Mammoth bones are 
reported to be common within this basin. 

Imuruk Imjoland. — This is a broad tundra-covered plain which surrounds 
Imuruk Basin and extends up the Kuzitrin and Kruzgamepa rivers, and has an 
area of about 200 square miles. The tundra is underlain by frozen silts of varying 
thickness, below which gravel and sand are exposed along the rivers. Along the 
northern edge of this plain, near the Mary River, thei-e are some gravel mesas, 
about 60 to 100 feet high, which are regarded as remnants of an upper gravel 
plain that has been eroded away by the meandering of the river. 

Kuzitrin Imcland. — This is an area of lowland covering approximately' 200 
square miles on the north side of the Bendeleben Mountains and drained by the 
Kuzitrin River. The lowland is tundra covered, and underlain by silts, sand, and 
gravels, probably of no great depth. It is dotted over with many small lakes, 
probably formed by oxbows of the meandering creeks and rivers. Around the 
lowland area on the west, north, and east sides there is a higher gravel plain, 
from 50 to 150 feet above the lowland. A well-marked escarpment usually 
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separates this apper plain from the lowland. On the lowland surface, away from 
the margins, there are occasional gravel buttes, 60 feet or more in height, which 
at a distance resemble haystacks. These are regarded as remnants of the upper 
plain which have been left by erosion. At the edge of the upper plain transition 
phases between the plateau and the isolated buttes were noted in a few instances. 

On Quartz Creek the gravels of the upper plain are overlain by frozen silts, 
in which bones of mammoth and horse have been found associated with the trunks 
of large spruce trees. A spruce log, said by the miners to be 5 feet in diameter 
and 80 feet long, was uncovered at this place. 

Near the mouth of Turner Creek an isolated butte, known as Coal Hill, is 
composed largely of black peat containing many pieces of bark and branches of 
spruce trees. At the present time there is no spruce timber within the drainage 
of the Kuzitrin River. In Coal Hill there are seams of white sand interbedded 
with the peat, suggesting driftwood origin. However, the abundance of small 
twigs and some spruce cones would seem to indicate that the material has not 
drifted far. Associated with a spruce log which was found in the frozen silt on 
Quartz Creek, and which was followed by a tunnel for a distance of 80 feet, a 
part of the jaw and some teeth of a horse were found by Mr. A. H. Jose, who 
gave them to the writer to be placed in the National Museum. The specimens 
were submitted to Mr. F. A. Lucas, who reports in regard to them as follows: 

"It is difficult — almost impossible — to identify horses from their teeth alone, 
but the teeth collected by you resemble those of Equus compHcatus^ which occurs 
throughout a large portion of the United States east of the Rocky Mountains. The 
extension of this species to Alaska would seem to give it an extraordinary range; 
still, this would not be greater than that of the bison in modern times and the elephant 
and mastodon in the Pleistocene. In the absence of more material this identification 
should be considered as provisional." 

Teeth and tusks of the mammoth {Elephas primigenius)^ together with bones 
of other animals, are reported by the miners to be conmion in the placers along 
Quartz Creek. 

MAMMOTH REMAINS. 



i^^lephant remains have been found in the silts of the Arctic coastal plain, in 
the Agiapuk Valley, and in the Kuzitrin Valley. In the Kuzitrin Valley they were 
associated with spruce logs and horse remain**. Similar bones have been known 
from other parts of Alaska for many years, the most noted locality being at 
Elephant Point, on the south shore of Kotzebuc Sound, about 50 miles northeast of 
the Kuzitrin Basin. At this point the remains of the horse, elephant, and bison 
were associated with those of the reindeer and musk ox.'' This association of 



a Dall, Bull. U. 8. Geol. Survey No. 84, 1892, p. 264. 
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animals known to require such diverse climates would seem to indicate very unusual 
climatic and physical conditions. 

Dr. Dawson ^ states that mammoth remains are found only in the nonglaciated 
portions of Alaska and the Yukon district of Canada. He also finds evidence that 
during the time of the mammoth there was a land connection between Alaska and 
the coast of Siberia. Whatever may have been the relation of the mammoth to the 
Glacial epoch, it seems certain, on account of the association of the remains with the 
evidence of forest growth, that a milder climate prevailed during at least a part of 
the mammoth period, and while these extensive gravel deposits were accumulating. 

ALX.UVIAL SANDS AND GRAVELS. 

Sand and gravel deposits, usually too small to be represented on the geologic 
map, occur to a greater or less extent in all the valleys. They are the product 
of stream action, and occur not only in the beds and flood plains of streams, but 
also as benches and terranes along the sides of the valleys above the present stream 
beds. The coarse gold of the placer mines is usually found in gravel deposits 
of this kind, which are described in more detail in the section on "Economic 
geology." 

ELEVATED SDRFICIAL DEPOSITS. 

Extensive gravel deposits at great elevations in places far removed from present 
stream beds have been noticed less frequently than in the southern part of the 
peninsula. In the neighborhood of Nome deposits of this kind have been exten- 
sively explored by prospectors, since they often carr}'^ placer gold. No search for 
them in the northern portions of the peninsula has yet been made by prospectors. 
Rounded pebbles and washed gravel at high elevations were noted in a few 
instances, the most striking cases being on the ridge between the forks of the Mary 
River, at 700 feet elevation, and in the divide between the waters of the Arctic 
and Kugruk rivers, south of Ear Mountain, at about 400 feet elevation. 

Extensive plateaus have been developed over this region by erosion in a 
previous physiographic cycle.* These plateau surfaces are covered with semiangular 
gravels derived from the adjacent bed rock or with residual clay containing 
weathered fragments of the bed rock. Where the clay is found a tundra growth 
of moss often occurs, covering the surface. 

GLACIATION. 

No evidence was found of general glaciation over the region explored. The 
surficial deposits over the upland portions, consisting of residual soil and gi"avels 

« Notes on the occurrences of mammoth remains in the Yukon district of Canada and Alaska: Quart. Jour. Geol. Soc. 
London, Vol. L, pp. 1-9. 

t>8ee Physiography, pp. 34-39. 
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derived from the adjacent bed ro<ik, are regarded as evidence of nonglaciation. 
Erratic bowlders, such as were found in the southern portion of the peninsula 
and were attributed to floating ice, have not been found in the northern portion. *" 
The topography of the Bendeleben Mountains, the York Mountains, and Cape 
Mountain was noted by Brooks as indicating local glaciation. Similar indications of 
local glaciation were observed on Ear Mountain. During the season of 1901 no 
detailed examination was made of the Bendeleben Mountains. The exploitations 
made last season show that the glaciers of the York Mountains were of very 
limited extent, as were also those of Cape and Ear mountains. The glacial deposits 
in no instances extend l>eyond the limits of the mountain valleys. Although small 
glaciers have undoubtedly existed in connection with these mountain masses, their 
deposits are of such limited extent that they can be neglected in this report. 

IGNEOUS ROCKS. 
INTRODUCTION. 

All the types of igneous rocks described by Brooks* from the southern part 
of the peninsula were found in the northern portion of the region studied by 
him. In addition to these, recent basalts, occurring both as necks and surface 
flows, were found in a few localities, indicated on the geologic map. 

GREENSTONES. 

The greenstones and greenstone-schists include a number of more or less 
altered intrusives, occurring both as sills and stocks. In the Kuzitrin slates near 
their contact with the Port Clarence limestones there are many intrusions, both 
in the form of dikes and sills, of greenstones which seem to be altered gabbros. 
Similar rocks were found intruded in the Kuzitrin slates at Cape Douglas. In 
the schists and limestones of the Kugruk group east of the American River there 
are many small bodies of greenstone, which are often highly schistose and com- 
posed chiefly of secondary minerals. In general they have been derived from 
basic igneous rocks, either diabase or gabbro, though in some cases the minerals 
present indicate that they were derived from more acid ro<.rks. These greenstone- 
schists retujh their greatest- development along the Kugruk River, where they 
often contain phenocrysts of hornblende, and are designated "porphyry" by the 
miners of the region. 

GRANITIC AND RHYOLITIC INTRUSIVES. 

In Cape Mountain, Brooks Mountain, and Ear Mountain, and near the hot 
springs north of Midnight Mountain, granites and fine-gi*ained |)orph3'ries occur 

a Recunnaiflsances in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 46. 
b Idem, p. 31. 
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B» large intriLsive ma-snes and small dike^». The granite frequently forms needles 
and pinnacles on accoont of weathering along a doable system of joints. Ear 
Mountain derives its name from two of these granite needles which have a 
semblance to the ears of some animal. Similar ''ears" are foand scattered over 
Ear Mountain and over the granite area near the hot springs. Small dikes of 
f|uartz-porphyry, probably connected ?rith these granite intrusions, were found in 
the slates outside of the larger mass of granite. 

The granite of Cape Mountain was described by Brooks as being coarsely 
crystalline, asually porphyritic, and as consisting essentially of quartz, microeline, 
and biotite. It has had considerable metamorphic effect on the adjacent limestones. 

The granite in Brooks Mountain has not been examined microscopically. A 
small dike from this locality showed quartz and orthoclase phenocrysts in a 
groundmass composed of quartz and feldspar. In this mountain the limestones 
which lie adjacent to this intrusive are considerably altered. 

The granites of Ear Mountain consist essentially of quartz, orthoclase, and 
biotite. A smaller body of pegmatite-granite is made up of quartz and ortho- 
clase and plagioclase feldspars, while a small dike from the same region consists 
essentially of quartz and orthoclase phenocrysts in a groundmass of quartz and 
feldspar, with muscovite, largely secondary', and a secondary growth of feldspar 
surrounding the larger orthoclase phenocrysts. In the Ear Mountain granites a 
platy structure, brought out by the weathering, gives the rock a stratified 
appearance. 

The granites of the hot springs region were not examined microscopically, 
but are similar in general type to those of Ear Mountain. 

In Kugruk Mountain and in the limestone west of that mountain there are 
small dikes of rhyolite, which under the microscope show phenocrysts of quartz 
and feldspar. In the dikes which cut the schists the feldspar phenocrysts are 
replaced by chlorite, while in the dikes which occur in limestone the feldspar 
is replaced by calcite. These 'dikes are not associated with any granite mass 
which reaches the surface, and are the only cases of the kind seen in the area 
explored. 

From the above description it will be seen that the acid intrusives have a 
wide distribution in the region, though they form no considerable masses such 
as occur in the Kigluaik and Bendeleben mountains farther south. The age of 
these intrusives has not been established, but they were probably injected during 
the last period of disturbance, which is believed to have been in Mesozoic time. 

BASALTS. 

Basalts occur as small flows and volcanic necks at a number of localities. 
Mukacharni Mountain and the two small buttes to the east of this mountain, a 
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small area on the cant side of the California River, all north of Gi'antley Harbor, 
and a small hill about 2 miles east of the forks, of the Don River are composed of 
unaltered basalts. These basalts are lx)th compact and vesicular, and vary in 
color from 4^ray to black. The vesicles are unfilled, and are often confused 
in weathered specimens with the cnvitics from which olivine phenocr^sts have 
weathered. Under the microscope the rock is seen to consist of many olivine 
phenocrysts in a groundmass consisting of plagioclase feldspar, probably labra- 
dorite, and a more or less opaque aggregate in which augite and magnetite can 
sometimes be recognized, the former in short prisms. 

Mukacharni Mountain and the two buttes to the east of it and the small hill 
to the east of Tozier Creek are volcanic necks cutting the schists and slates. The 
basalt areas west of Mukacharni Mountain and east of the California River are 
remnants of surface flows or sills, which have probably been erupted at the 
same time as the necks. The amount of erosion since these eruptions indicates 
that they took place in pre-Pleistocene time. 

Between the Kuzitrin and the Noxapaga rivers extensiv^e lava beds are reported 
by prospectors. These lava beds are reported to extend across the divide between 
the headwaters of the Kuzitrin and Koyuk rivers and down the Koyuk Valle}'. 
Similar lavas were described in the Koyuk Valley by Mendenhall.'* In the 
Noxapaga River many fragments of basalt were found in the gravels on river bars. 

At a point on the Noxapaga River 2 miles above Noxapaga these lavas extend 
across the river, and their relation to the other rock was seen in a bluff above 
the river. Here the Pleistocene gnivels filling the Noxapaga Valley rest on the 
upturned edges of the schists. The basalts lie upon these gravels, and near the 
contact the gravels are cemented by indurated day. In the upper part of this 
gravel a few pebbles derived from basalt were found, mixed with quartz pebbles 
derived from the schist. This lava flow probabW occurred in Pleivstocene time, 
while the upper gmvel plain of the Kuzitrin Basin was being formed. In the 
Koyuk Valley Mendenhall found evidence that the basalt is of Pleistocene or late 
Pliocene time.'^ The evidence obtained in the Kuzitrin Basin indicates a similar 
age for the basalts found there. 

These basalts show phases from gray to black. They are more often vesicular 
than compact, the vesicles unfilled. Under the microscope they show large olivine 
phenocrysts and smaller phenocrysts of feldspar, probably labradorite, set in an 
almost opa(|ue groundmass. 

DYNAMIC HISTORY. 

The dynamic history of the province is complex, and, in spite of .the two 
seasons of field work, still ])n»sents manv unsolved problems. In the southern part 

a ReconnaisflanccH in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 206. 
ft Idem, p. 207. 
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of the peninsula^ four distinct periods of dynamic activity were recognized, and 
some evidence was obtained of a fifth, which antedated all the others. The facts 
which suggested this oldest period of disturbance were tho.se which indicate a 
deformation of the Kuzitrin series previous to the deposition of the Nome series. 
This unconformity was, however, not definitely established by independent evidence. 

The record of the oldest of the four periods of revolution which were definitely 
recognized in the southern belt is found in the broad, often dome-like, folds which 
atfected all the rocks up to and including the Nome series. The crustal mov^ement 
resulting in this doming was aiH'ompanied by large injections of greenstones, and it 
probably occurred in pre-Silurian time. The next disturbance was one which ren- 
dered these greenstones schistose, and locally produced considerable shearing and 
jointing. Its effects are exhibited by local deformation and metamorphism in the 
Nome series, and its date was probably Mesozoic. The third crustal movement was 
more widespread in its effect, and was accompanied by the intrusion of large granite 
masses along the axes of the Kigluaik, Bendeleben, and Darby mountains. The age 
of this dynamic revolution can be definitely assigned to the late Mesozoic or pre- 
Tertiary. The evidence of a still later epoch of crustal movement was found in the 
sheared and jointed character of some of these granite masses. 

The investigations of the past season in a general way corroborate this 
statement of the dynamic history of the province. More definite evidence of the 
unconformable relation of the basal member of the Nome series to the Kuzitrin 
series was obtained (see p. 17). The Kuzitrin series, as has been shown, suffered 
some metamorphism previous to the deposition of the Port Clarence limestone, 
which is the lower member of the Nome series. As the Port Clarence limestone 
is of Lower Silurian age, this crustal movement can be definitely assigned to the 
pre-Silurian. 

The first . well-established epoch of dynamic activity in the Nome region 
proper was the period of the intrusion of the greenstones, and this is also recog- 
nized in the northern province. The writer is, however, unable to present any 
evidence of the presence of dome structures similar to those which were described 
by Brooks* and assigned to this period. 

The next epoch of disturbance which was recognized in the southern part of 
the province was the post-Nome revolution. In the northern region this epoch 
has also been recognized, but was proved to be rather local in its effect. In the 
York Mountains the beds belonging to the older member of the Nome series 
were found to be but little affected by this movement, while in the eastern part 
of the province the upper member of the same series is sharply folded and con- 

n Keconnaifwances in the Cape Nome and Norton Bay Regions, Alaska, in 1900. p. 99. 
bidem, p. 31. 
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siderably metamorphosed. This is in accordance with the fact, pointed out by 
Brooks,^ that the disturbances were of a local character. As in the southern 
belt, both the sediments and the igneous rocks were rendered schistose by this 
movement. This disturbance was provisionally assigned to the Mesozoic, and is 
shown by the work of the past season to be at least post-Devonian. 

The third period recognized by Brooks has been the last one of extensive defor- 
mation. Deformation and alteration wen», accompanied by the intrusion of the 
granites of the Kigluaik and Bendelobon mountains. In the southern province this 
disturbance is shown by structural lines which run parallel to the axes of the moun- 
tains and have a general east-west trend. In the northern belt no large intrusions 
of granite occur, but there are structural lines running east and west, which may 
have been produced by this crustal movement, as noted more especially in the York 
Mountains. The evidence, briefly summarized, is as follows: In the York Mountains, 
where the bed rock is chiefly the Port Clarence limestone, broad, open folds were 
obser\'ed whose axes run nearlv east and west. These are transverse to the lines 
of more intense disturbance in the eastern part of the ])elt. As is shown by the 
character of the rocks in the eastern belt, the western belt must have remained 
practically undisturbed during the early Mesozoic evolution which has been 
described. These in the York Mountains must therefore be of a later date than 
the north-south structures, and are here provisionally correlated with the epoch 
during which, in the southern part of the peninsula, the Kigluaik and Bendeleben 
mountains were uplifted. 

No evidence of the fourth dynamic evolution described by Brooks was obtained 
by the writer, though it may exist. The extrusion of the lavas which have been 
assigned to the Pleistocene is the latest evidence of dynamic activity. 

We have thus four definite periods of crustal movements, with accompanying 
injections, in the northern province. The first, which was probably regional, 
occurred in pre-Silurian times. The second was a period of intrusion, and can 
be provisionally assigned to the close of the Paleozoic, or the beginning of the 
Mesozoic. The third was a period of folding, which was rather local in its effect. 
The last was an epoch of extensive lavas, which, though rather widespread, was 
not great in the amount of material which was ejected.* 

Since the injection of the granites and the uplift of the Kigluaik Mountains, 
which is assigned to the Mesozoic era, the northerti portion of the peninsula has 
been base-leveled and uplifted and in the uplift has suffered more or less defor- 
mation. These features are described in some detail under the heading ""Physi- 
ography." 

a Reconnaissances in the Cape Nome and Norton Bay Reifions, Alajika, in 1900. p. 35. 

fcMr. Henry S. Washington ha.M recently dcwribed norae effusive rocks from adjacent portionM of t lie Siberian coast. 
See Am. Jour. 8<i.. 4th series. Vol. XIII, pp. 176-lM. 
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PHYSIOGRAPHY. 
INTRODUCTION. 

A general statement with regard to .shore line, drainage, and relief of the region 
under discussion has been given in the chapter on geography. A general discussion 
of the ph^^siography of the Seward Peninsula, by Alfred H. Brooks, is also to be 
found in Reconnaissances in the Cape Nome and Norton Bay Regions, Alaska, 19<X), 
pages 48-64 and pages 163-198. Mr. Brooks" has called attention to the fact that the 
Seward Peninsula may l>e divided, by a line from Cape Espenberg to Rocky Point, 
into two regions, of which the eastern has \ieen depressed and the western uplifted. 
The region under discussion is a part of this uplifted portion. In the northern 
part of the peninsula many new facts bearing on physiographic development were 
collected. However, owing to the hasty nature of the work and the small scale 
of the map, and in view also of the fact that further exploration in an adjacent 
region is contemplated at an early date, the writer will only attempt to describe 
in a preliminary way some of the more important topographic features, and to 
suggest their jxjssible history. 

The northern portion of the Seward Peninsula is chaiticterized by broad 
lowland plains surrounding a central upland. These lowlands are built up of silts, 
sands, and gravels derived from the upland, and dei)osited in shallow waters, 
probably both marine and lacustrine, which surrounded it. The lowlands to the 
southeast occupy inland basins extending parallel with the axes of the Bendeleben 
and Kigluaik mountains, which rise abruptly from their southern edge. 

The relief of the upland is considerable, but its summits are flattened at 
elevations varying from 1,600 to 2,900 feet in different parts of the region. Between 
the summit level and the lowland plain there is a series of broad benches sur- 
rounding the central mass, two of which are particularly prominent. The 
different plateau benches and plains represent distinct epochs of erosion, and in 
the case of the lower gravels have been quite generally deposited since its for- 
mation. The existence of these features is regarded as indicating repeated uplifts, 
which affected the whole region. 

In the case of the latest uplift there is unmistakable evidence that the 
movement was of a differential nature. Similar differential movements have 
probably occurred in connection with older uplifts, but delinite evidence of them is 
wanting. Although the general movement has been one of uplift there is also 
evidence of local depressions of minor importance during the latest period. The 
four epochs of erosion indicated will be discussed further under the headings 
Nuluk Plateau, Kugruk Plateau, York Plateau, and Lowland plains. 

a Op. cit., p. 56. 
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NULUK PLATEAU. 

This is the highest as well as the oldest erosion feature of the region. It is 
represented by the flattened tops of the most elevated portions of the central upland. 
Remnants of this plateau were found on Ear Mountain at 2,300 feet, on Kugruk 
Mountain at 2,700 feet, and on Midnight Mountain at 2,000 feet. It is most 
extensively represented, however, in the mountain mass surrounding the headwaters 
of the Nuluk River, from which it takes its name. From this point it extends 
westward continuouslv to the York Mountains, while to the east and north it 
is represented by a few broad, flat-topped mountains, which must be regarded as 
renmants of a more extensive plain. This plateau has an elevation of from 1,300 
to 1,800 feet. Seen from a distance its profile is continuous with the general sky 
line of the York Mountains. It is largely dissected, and is now represented by the 
flat tops of the ridges, along which the greater inequalities in elevation are probably 
due to diflFerential uplift. It is impossible from the evidence in hand to determine 
positively the nature of the erosion by which this plain was produced. In the 
vicinity of the Nuluk River the surface is rounded from north to south, while it 
rises gradually to the westward. Since its formation it has been subjected more or 
less both to subaerial wasting atid to deformation. 

KUGRUK PIATEAU. 

A second epoch of erosion is representexl by a well-marked plateau surface 
extending from the east<»rn limits of the area mapped westward across the Kugruk 
River and continuing in a system of benches and table-topped hills to Cape Prince 
of Wales, the westernmost point of the American continent. Its relation to the 
Nuluk Plateau is best seen a few miles east of the Nuluk River, where a 
prominent l)ench, at 1,000 feet elevation, ext^Mids for several miles and encircles 
one of the mountains on which the Nuluk plain is well 'marked at 1,600 feet. 
Southward from this point this 1,000-foot plain is extensively developed over 
several hills. The interval l)etween the Kugruk and Nuluk plateaus varies in 
diflFerent parts of the region. At Midnight and Baldy mountains in the east it 
is alK)ut 400 feet, while at the west side of the York Mountains it is upward 
of 1,000 feet. In the eastern part the Kugruk River and its tributaries have 
cut deep canyons in a well-marked plateau surface, which is continuous to the 
eastern limit of the area mapped. While these canyons are deeply cut, they are 
somewhat rounded and terraced, and are of an older tyf>e than those of the York 
region to be described later. West of the divide tetween the Kugruk and 
Aglapuk rivers, this plateau has sufl'ered more dissection, but extensive tjibles 
and benches persist, showing its continuity northwestward to Ear Mountain. At 
this place it forms a platform at an elevation of 1,000 feet, from which the 



31) KECONNAIrtSANCE OF NORTHWESTERN PORTION OF SEWARD PENINSULA. 

mountain risen abruptl}'. Westward, along the north face of the York Moun- 
tains, it is repn;sc>nted by well-marked benches and the flat tope of a few isolated 
buttes. In the region west of the York Mountains the isolated buttes' are flat- 
tripped at 1,0<X) to 1,2^)0 feet, and Cape Mountain has a well-marked bench at 
1,2(K) feet. South of the Agiapuk River this platform, on which Mukacharni 
Mountain stands, is correlated with this plateau. In the eastern area, where this 
plateau is l>est developed, it is dotted over with scattering residuary buttes and 
mountains, of which Midnight, Baldy, and Harris mountains are types. The 
system of l)uttes and ridges extending southward from Kugruk Mountain rises 
above it, as do also Ear Mountain, Cape Mountain, and the York Mountains. It 
is impossible to state with cei-tainty the nature of the erosion by which this 
feature was produced. In the vicinity of the Kugruk River the plateau surface 
is characterized by rounded hills and ridges, which often vary considerably in 
elevation, and rise gradually toward the bases of residual hills and mountains. 
The erosion of the Kugruk surface was probably subaerial, and it is proper to 
call the plateau a peneplain. 

Since its formation this peneplain has suffered some deformation, the details of 
which are only imperfectly known. Southeast of Midnight Mountain, at latitude 
04'^ 4<'', the plateau has an elevation of 1,600 feet, while to the northward it 
appears to slope gradually down to the level of the Arctic coastal plain in a distance 
of 20 miles. To the southward it slopes toward the Kuzitrin Basin and has suffered 
erosion, so that it is only preserved in a few remnants. Coffee Dome, with an 
elevation of 1,0(X) feet, is such a remnant of the old plateau surface. In 1900 the 
writer, with Mr. Brooks, observed a broad bench with washed gravel on the west 
end of the Bendeleben Mountains. A further examination of the benches in this 
vicinity was made the past season. It seems probable that they are to be correlated 
with the Kugruk Plateau. These benches stand at an elevation of from 1,0(K) to 
1,20(J feet. This feature seems to indicate the formation by wai'ping of a trough 
parallel with the Bendeleben Mountains since the development of the Kugruk 
Plateau surface. 

YORK PLATEAU. 

The third important erosion epoch is represented by the York Plateau. It is 
well developed about the mass of the York Mountains, though its equivalents may 
be iVBA-ied with a fair degree of ceilainty along the northern flank of the Kugruk 
upland to the Serpentine River, and along the southern flank to the Kuzitrin 
River. The breadth of this l>ench, where it has been observed, varies from 100 
yards to 15 miles. It slopes from the mountains toward the sea both to north and 
south. Its general altitude varies from 100 to 700 feet above the sea. Notable 
variations which occur along a line parallel to the southern shore are undoubtedly 
traceable to warping. . 
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The interval between the York and Kugruk plateaus is usually about 700 feet. 

Between the York Mountains and Cape Prince of Wales the York Plateau is 
represented by a well-marked plateau surface at an elevation of from 500 to 700 
feet. This was described by Brooks in 1900. It is a striking feature and has been 
noted by a number of early explorers. The top of the plateau is smooth and 
perfectly hard, affording excellent footing." To the northward it slopes rather 
gradual!}" to the level of the Arctic coastal plain, while at its southern margin it 
terminates rather abruptly in a steep slope or escarpment toward Bering Sea. 

Eastward around the north side of the York Mountains the York Plateau is 
apparently continuous with an imperfect plain surface developed over the hilltops 
at an elevation of 300 to 500 feet above sea level. Around the north side of the 
York Mountains this plain extends into the mountains in a system of broad benches 
along the rivers which emerge from them. On the Nuluk River this feature is 
developed in a broad valley floor about 400 feet above the present stream bed. 
At this place the plain extends through the upland in a broad pass between the 
waters of the Nuluk and Agiapuk rivers at about 500 feet elevation. 

Surrounding Ear Mountain there is an extensive upland composed of 
rounded ridges which attain an elevation of 500 to 600 feet, and which seem to 
be continuous with the York Plateau as developed farther west. From these 
levels there is a gradual rise of the land toward Eiar Mountain, at whose base is a 
well-marked platform having an elevation of 1,000 feet, from which the mountain 
rises abruptly for 1,300 feet. 

From Ear Mountain to the Serpentine River this bench was not traced, and the 
topogmphic map affords no evidence of its existence. However, on Spring Creek, 
a tributary of the Serpentine River, benches at about 600 feet were observed, 
which may be tentatively correlated with this plateau. 

South of the York Mountains a broad marine bench from 1 to 3 miles wide 
is cut on the Port Clarence limestones, of which the mountains are composed. 
This has been elevated from 100 to 600 feet above the sea and is bounded on 
the south side by a steep escarpment to the Port Clarence coastal plain or by 
a cliff to the sea. On the north it is bounded by the abrupt slopes of the 
York Mountains. The surface of this bench is an almost perfect plain swept 
bare of gravel or other detrital material, but is covered in many places with 
yellow clay derived from the solution of the limestone. A study of the topographic 
map shows with certainty that this bench is a continuation of the York Plateau 
above described. 

Between the California and the Agiapuk there is a broad plateau surface 
having an elevation of about 600 feet. This plain extends up the Agiapuk River 
as a broad bench and is continuous over the divide with the benches along the 

a ReconnaUftancefl in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 132. 
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Nuluk River, which, as has been shown, are connected around the northern side 
of the York Mountains with the York Plateau. Eastward from the great bend 
of the Agiapuk River this plateau has not l)een traced with certainty. The 
plateau between Grantley Harlwr and Imuruk Basin, in which Tuksuk Channel 
is cut to a depth of al)out 200 feet, and the plateaus and tenches along the 
Kuzitrin River Ijetween the Imuruk and Kuzitrin basins are tentativelv correlated 
with it. 

The York Plateau, since its elevation, has been dissected to a base-level by the 
larger streams which cut across it. The smaller of these streams flow in sharply cut 
new V-shaped canyons, while the larger streams flow in comparatively broad 
valleys. An example of the larger valle\' is shown in the Anikovik River, which 
has a width of several miles (see topographic map), while its smaller tributaries, 
such as Deer Creek and Buhner Cn^ek, are still in sharply cut canyons. In the 
northern and eastern extensions of the York Plateau the valleys are broader and 
genei'ally appear to be older. The sharply cut V-shapi*d valleys are only seen near 
the foothills of the mountains. Along the northern margin of the plateau the 
gravels of the Arctic coastal plain extend up the valleys, making it often diflicult to 
draw the boundary between the lowland region and the upland. 

In the eiistern extension of the York Plateau, south of the York Mountains, the 
smaller streams flow in very abrupt canyons, with almost perpendicular walls, which 
interrupt the continuity of the plain, and are discovered only when the traveler 
stands on their inmiediate edge. However, Rapid River, the largest stream which 
crosses this bench, has a broad valley quite similar to that of the Anikovik 
River. The California River and Tuksuk Channel both occupy sharply cut canyons 
in plateaus which have been correlated with the York Plateau. 

On that portion of the York Plateau which has l)een called the Cape York bench 
the plain surface appears to be perfectly developed, but elsewhere there are a number 
of residual hills, usually at places where the slates are intruded by stocks or sills of 
igneous rock. Cape Mountain, the largest of these hills, is of this type. It rises in 
a sharp peak 2,000 feet alx)ve the plateau level. It is composed of harder rocks of 
an older series than the slates to the eastward, raised up and intruded by a large 
mass of granite. Conical Hill, rising about 1,000 feet above the plain, is composed 
of slates similar to those of the surrounding plateau region. Other smaller buttes 
have been found, when examined, to be composed, in part at least, of greenstone, 
which seems to be an altered gabbro. On the northeastern extension of this plain 
there are a few residual hills near the southern margin which were not examined in 
detail. 

Concerning the manner in which the York Plateau was produced it may be said 
that the Cape York bench, which is an almost perfect plain, was undoubtedly 
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produced principally by marine erosion. It was cut in the southern side of the 
York Mountains by wave action. The main portion of the York Plateau has been 
regarded by Brooks^ as of similar origin. Some slight irregularities on the surface 
of this plateau, which are apparent on more detailed topographic examination of the 
region, would seem to throw some doubt on this statement. It seems probable that 
this is in part of suba^rial origin. In the northeastern extension of the plateau 
these irregularities increase, and it seems probable that the plain here was to a 
greater extent produced by suba6rial agencies. 

In its elevation to the present level, this plateau has suffered marked defor- 
mation, and the proof of differential movement which is afforded has been 
sufficient to throw doubt upon correlations in the case of widely separated plain 
surfaces within the region. But it has also confirmed the opinion that many of 
the inland basins of the region owe their origin to such warping. The deforma- 
tion is most strikingly shown in the marine bench south of the York Mountains, 
a]>ove referred to as the Cape York bench. This bench, which must have been 
horizontal at the time of its formation, has an elevation of 200 feet at Don 
River, while 12 miles to the westward the same plain has an elevation of 000 
feet. Near the Kanauguk River the York Plateau has an elevation of 800 feet, 
while at the east base of Cape Mountain the elevation is below 500 feet. The 
plateau between the California and Agiapuk rivers has an elevation of 500 feet. 
This plain is located about 10 miles e^ist of the depressed portion of the York 
Plateau, near the Don River. The benches ijnd plateaus about Inuiruk Basin, 
which have also been correlated with this plateau, have elevations of from 200 
to 800 feet. 

If these correlations are correct, the York Plateau along its southern edge 
shows the following variations in level, due to warping: Near Cape Prince of 
Wales its elevation is 500 feet^ 8 miles eastward, near the Kanauguk River, 
its elevation is 700 feet; 20 miles eastward, at the Don River, it stands at 2(K) feet; 
10 miles eastward, at the California River, it stands at 500, and 20 miles farther 
east, at Tuksuk Channel, it stands at 200 feet. It has been noted that the plateau 
surface seems to slope to sea level and merge with the coastal plain. It is 
impossible to tell, in the present state of information, to what extent this may 
be due to deformation. The great accumulation of gravel in this region was 
probably largely derived fron) the region of the York Plateau, and the fluviatile 
agencies have here acted more strongly and for a longer time, making the valleys 
wider and rounding off the upland between them. 

u ReconnaiBsances in the Cape Nome and Norton Bay Regioiui, Aianka, m iwo, p. a9. 
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LOWLAND PLAINS. 

The last epoch of erosion is represented by the extensive lowland plains 
which Hurround the upland mass. They comprise coastal and vallej' plains, and 
in general are cov(»red by unconsolidated Pleistocene deposits. In each case these 
deposits are prolmbly underlain by even rock floors, representing a period of 
erosion which preceded subsidence and deposition. It is suggested that in the 
southeastern part, previous to this deposition, wide valleys were converted into 
basins by warping. The lowland areas have been already partly described under 
the heading ''Surficial deposits." They are the Arctic and Port Clarence coastal 
plains and the lowland surrounding Imuruk Basin and occupying the broad valleys 
of the Agiapuk and Kuzitrin rivers, tributary to that basin. 

The Arctic coastal plain extends from Cape Prince of Wales to Cape Espen- 
berg. At Cape Prince of Wales it is not over 5 miles wide, but al)out Shishmaref 
Inlet it extends inland for 30 miles to the base of gently sloping hills which rise 
up to the Kugruk Plateau. To the eastward it appeal's to cover a large part of 
the peninsula l>etween Shishmaref Inlet and Goodhope Bay. At its southern 
margin it is probably nowhere above 2(^)0 feet in elevation. The rivers and cr^ks 
which flow across it usually have intrenched their channels into the frozen deposits 
of the plain, sometimes exposing a face of gravel 20 feet high. In being 
elevated to its present position, this tmct is not known to have suffered warping. 
All irregularities seen b}' the writer may l)e attributed to irregular deposition. 

The Port Claren(»e coastal plain is a small gmvel-covered plain north of Port 
Clarence. It has a maximum width of 5 miles, but is usually much narrower. The 
gravels thin out toward the foothills, w^here in river sections they are seen to rest on 
the truncAted edges of the limestone bed rock. Westward this plain extends in a 
narrow strip toward Cape York, where it is interrupted. The plain on which the 
village of York is built is regarded as belonging to the same erosion period as this 
plain. During the uplift this plain has suffered some slight deformation. At the 
mouth of the Don River the plain is scarcely above sea level, while at the Teller 
Mission its elevation is about 20 feet. North of the entrance to Grantley Harbor it 
appears to dip down and pass below sea level. 

VALLEY LOWLANDS. 

The.se are the low-lying plains which surround the Imuruk Basin and occupy the 
Agiapuk and Kuzitrin valleys.^ They have a general similarity, and are probably 
to be accounted for by similar causes. The Imuruk lowland is partly occu ie hy 
the waters of Imuruk Bay. North of the bay the lowland has a width of about 6 
miles, but extends farther northward in embayments in the surrounding hills. It is 

a Reconnaiflsaneei) in Cape Nome and Norton Bay RegionR, Ala«kB, in 1900, pp. 51 and 62. 
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apparently connected along the valley of the Agii^uk River with the broad valley 
lowland about the forks of that river. It extends up the Kuzitrin River, but is not 
now connected with the extensive lowland basin of that river, a short canyon 
intervening. Along the northern margin of the Imuruk lowland an older plain 
similar to the present lowland and standing 20 to 50 feet above it is indicated by some 
low mesas and buttes. These may, as suggested, represent a general upper plain, or 
they may be merely portions of the same plain raised by local deformation and so 
subjected to erosion. The writer is inclined to accept the latter view, alUiough 
present information is too meager for definite conclusions. 

On the north side of Imuruk Bay the coastal plain slopes gradually into the 
water, and the shallowness of the central portion of the bay suggests that its floor 
is formed by a depressed portion of the same plain which lies above the water in 
the surrounding country. In short, it is believed that all of these lowlands are of 
the same date and that their present relations have been brought about by warping. 
In the eastern end of the Imuruk lowland there are a number of island-like buttes 
of bed rock surrounded by the gravels of the lowland. Birch Hill is a typical 
example of this kind. Its flat top rises above the lowland to an elevation of about 
200 feet, and a similar level is reached by several broad hilltops in this region. At 
the west end of the Imuruk lowland, Imuruk Basin finds outlet to Grantley Harbor 
through the Tuksuk, a tidal channel which occupies a narrow canyon cut to a depth 
of 2(H) feet in an upper bed-rock plain or bench. This upper bench is probably the 
floor of a higher valley through which the Imuruk watei^s found their way to the sea 
before the present levels were established. These upper bed-rock benches about 
the Imuruk lowland have been correlated with the York Plateau. 

Of the Agiapuk lowland little is known by the writer except what may be 
learned from the topographic map. In general appearance, from the surrounding 
hills, it resembles the Imuruk Basin with which it connects. EJmbayments from this 
lowland extend far up the tributary streams and merge with their flood plains. 

The Kuzitrin lowland covers an area approximately 10 by 20 miles, its longer 
axis parallel with the Bendeleben Range. The portion of this plain lying along the 
Kuzitrin and Noxapaga rivers is subject to inundation at the time of flood. North 
of the Kuzitrin River a gravel terrace of about 20 feet in height marks a higher 
portion of the lowland. The principal settlement of this region, known as 
Checkers, was formerly located at the junction of the Kugruk and Kuzitrin 
rivers. Owing to the high water, this location was abandoned and a new town, 
called Kugruk, was built on the terrace near the Kugruk River, about a mile 
above its mouth. 

Around the western, northern, and eastern sides of the lowland there are broad 
gravel benches about 100 feet above the present lowland level. Out on the lowland 
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in riianv places there are nraall inolated gravel buttes and hills which are remnants 
of the name higher plain that is shown in the benches.^ Whether this upper plain 
represents a higher water level over the whole basin or is simply a part of the old 
plain raised up differentially, can not be determined from the evidence in hand. 

The basins in which these lowlands o<»cur, it is believed, were first formed as 
broad erosion valleys during the epoch represented by the York Plateau. In the 
process of uplift, deformation occurred, fomiing inland basins in which the lowlands 
were built up of silts and gmvels and the uplifted portions of the valley floor were 
dissected and are now represented by the 200-foot bench along the Tuksuk and the 
flat-topped hills around the Kuzitrin Canyon. Since the formation of the lowland 
plain, a slight subsiden<*e has allowed the sea to invade the Imuruk Basin and slight 
deformation has raised up portions of the lowland gravels, subjecting them to 
erosion and forming the gravel mesas and benches al)ove described. 

DRAINAGE. 

In the upland portions of the region, the rivers flow in deep-cut valleys, while 
in the lowland portions they meander in shallow valleys trenched to near sea level. 
In general in the upland portions no readjustment of drainage can l)e recognized. 
The present stream courses are inherited from previous physiogmphic conditions. 
The few minor changes of drainage which have been noted can here be neglected. 

The Agiapuk River, at the place of its emergence upon the York Plateau from 
the Nuluk upland, presents the most interesting case of deflected drainage observ^ed. 
Its deflection eastward toward the Agiapuk lowland, through which it flows to 
Imuruk Basin, is believed by the writer to be due to the warping of the pln-teau 
surface while it was yet a lowland. Whether it has ever had an outlet directly 
southward to Port Clarence ca.n not be certainly determined. If it did have such an 
outlet, it was perhaps obstructed by the lava flows which owHirred in the vicinity, 
probably near the time of the uplift and warping. 

The California Iliver, having a steeper gradient and a shorter course to sea 

level, has cut a steep canyon in this plateau surface and will probably ultimately 

capture the upper part of this river and restore it to its former course to the 
sea. 

SUMMARY. 

From the above facts and discussion the following conclusions are dmwn. 
There have been four extensive periods of erosion in this region, sepamted by 
periods of elevation. These periods of erosion are evidenced by systems of 
plateaus, benches, and plains named as follows in the order of their formation: 
The Nuluk Plateau, the Kugruk Plateau, the York Plateau, and the Lowland 

(■See also " Suillcial deposits," p. 24 et iteq., aud economic description of Quartz Creelc and Bowlder Creek, pp. 62,66. 
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plains. All of these features have been produced since Mesozoic time, for 
rocks intruded during that period have been planed off along with the others of 
the region. Each phiteau and bench is taken to represent a distinct uplift of 
the land, and in the process of uplift warping has occurred. In the first period 
of uplift the warping wa.s considerable, but it*; amount can not be determined; 
during the second uplift the warping was insignificant; while during the thiixl 
extensive deformation occurred, producing bivsins in which silts and gravels were 
deposited, forming the valley lowlands. In the latest uplift a small amount of 
warbling occurred, in connection with which a slight local depression permitted 
the sea to invade the Inuiruk Basin. The present drainage adjustment in the 
region is inherited from the physiographic conditions represented in the earlier 
erosion periods. The most noticeable case of diversion of drainage is shown by 
the Agiapuk River, the change in its course being directly tmceable to the 
warping of the York Plateau. 

ECONOMIC gkoix>c;y. 

. INTRODUCTION. 

The mineral values of the northern part of the Seward Peninsula, like those of 
the southern part, lie in its placer gold deposits. No quartz deposits of economic 
importance have been discovered. In the York region considerable placer tin has 
been found, but up to the present time has not been developed on an economic scale. 
The region under consideration lies north of the better developed and better known 
gold fields of Nome. In spite of the fact that many of the creeks in which gold has 
been found in paying quantities were not discovered until late in the season of 1901, 
and although the season was very unfavorable for placer mining, this northern 
district produced about $100,000. Of this gold $20,000 came from Candle Creek,« 
which lies in the region south of Goodhope Bay and east of the area explored by 
our party. Dr. Cabel Whitehead, of the United States mint, has estimated the 
product of the placers of the region south of Goodhope Ba}^ at 8^60,000. The 
greater part of the area covered in the explorations made the last season is not gold 
bearing. Of the remainder, a few small, scattered areas have produced some gold 
on a commercial scale, while colors of gold and undeveloped prospects have been 
found widelv distributed. 

DISTRIBUTION AND SOURCE OF PLACER GOLD. 

An examination of the economic map (PI. II) shows that the regions of actual 
gold production are in creeks and rivers which are tributary to Port Clarence, 

<• A portion of this region is diacuswod in a report entitled ReconnaisNanee from Fort Hamlin to Kotzebuc Sound, 
Alaska, by Walter C. Mendenhall: Prof. Paper U. S. Geol. Survey No. 10. 
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especially the Kugruk, Kuzitrin, and Agiapuk rivers. A little gold has also Ijeen 
found at York. 

The source of the gold is undoubtedly in the bed rock, not far distant from 
the placers where it is found. Though no large veins of commercial importance 
have been found, there are many small veins and stringers, which are often more 
or less mineralized, and from these the gold has been derived. 

Such mineralization as the rocks of the region exhibit can only occur in 
areas of deformation where the rocks have l>een jointed and fractured. In the 
region under discussion the rocks of the Kuzitrin series and of the Kugruk 
group present conditions favomble for mineralization, and a comparison of the 
geologic and economic maps will show that gold-prcnlucing areas are in a general 
way identical with the area occupied by these two groups. 

The bed rock of most of the auriferous creeks is made up of the Kugruk 
beds, but there are some gold-l)earing creeks whose courses cut the Kuzitrin 
series. The inference is that the erosion of the Kugruk rocks contributed most 
of the gold which is now found in the placers. In any event it can be definitely 
stated that the Port Clarence limestone is not gold bearing, and it will be a 
useless waste of time for prospectors to search for placers in the region occupied 
by these rocks. The placers which have thus far been developed are confined 
entirely to the stream beds of the smaller creeks, though the larger rivers carr}^ 
fine gold, which ma}'^ some time be worked to a profit. There is also a possibility 
that gold values may be found in some of the gravel terraces, which might be 
worked by hydraulic methods. 

DESCRIPTIONS OF LOCALITIES. 
INTKODUCrriON. 

Sinc^ the region promises to l)e of some importance in placer mining, and 
since much of it has been prospected, it has l)een thought best to add the 
following detailed descriptions of those creeks which were visited by the party. 
The writer will also include some accounts of adjacent regions, about which 
reliable information was obtained. It is hoped that these notes, incomplete as 
they are, will throw some light on the economic possibilities of this region. 
The i)lacer tin deposits of York will also be briefly considered. The regions 
des<4'il>ed coincide in a general way with the various recording districts, but 
since the boundaries of the districts are often indefinitely lo<"ated and are subject 
to fre(iuent change, no attempt has been made to follow them closely. 

GRANTLEY HARBOR REGION. 

Under this heading an area will be considered which is tributary to and 
north of Grantley Harbor. In 1900, colors of gold were found in several creeks 
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which flow into the harbor from the north, but no mining proper was done." 
The Bluestone region, which was described in the report cited, and lies to the 
south of Grantley Harbor, in 1900 produced considerable gold, but during 1901 
hardly realized the expectations. The Bluestone Basin lies outside of the region 
considered in this report. * 

More or less successful mining has been done on Sunset and Igloo creeks, 
flowing into Grantley Harbor, and Allene Creek, flowing into the Agiapuk. When 
the writer visited Sunset Creek on July 14, sluice boxes had just been set up on 
one claim. Assessment work, represented by drain ditches, crosscuts, etc., had 
been done at several places, but little could be learned regarding the probable 
value of the creek for mining puiposes. Sunset Creek is about 5 miles in length. 
In its upper part it occupies a rather deep canyon, while in the lower 2 miles of 
its course it is onh' slightly incised in the rolling, moss-covered lowland which 
borders Grantley Harbor. The bed rock, where it has been seen, consists of fine- 
grained chloritic mica-schists and very highly altered greenstones, composed 
almost wholly of secondary minerals, but probably representing basic intrusions 
in the schists. The schists contain many small veins of quartz. About 4 miles 
from the coast the creek forks, the larger branch rising on the east side of 
Mukacharni Mountain, while the west fork rises west of that mountain. This 
mountain is composed of unaltered basalt, which extends practically to the forks 
of the creek. At the head of the west fork calcareous schists and limestones, 
which probably overlie the mica-schists, were found. The relation of these mica- 
schists and limestones to the Port Clarence limestones, which are well represented 
a few miles west, was not determined, although all the evidence obtained seems 
to indicate that they underlie them. If this is true, these rocks should be correlated 
with the Kuzitrin slates. At the forks of the creek, where sluicing had just 
begun at the time of the writer's visit, there was still a great deal of snow in 
the creek bed and the ground was still frozen to within a few inches of the 
surface. No exposure of bed rock at this place was seen. It was reported, 
however, by the miners, that prospect holes made the year before showed 4 feet 
of gravel carrying pay above a yellow clay bed rock. 

Allene Creek heads a few miles southeast of Mukacharni Mountain, about 5 
miles from Port Clarence, and flows northward to the Agiapuk River. The creek 
was visited by Mr. Witherspoon late in September. At the time of his visit one 
claim only was in operation. All the other claims were shut down for the season, 
although some mining had been done on several of the claims. The pay dirt was 
confined to the creek bed and rested on a clay foundation, below which the true 
bed rock had not been reached. About 3 miles down the creek a prospect hole is 
reported to have been sunk 65 feet without reaching bed rock. This shaft showed 

a Reconnai88anct» in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 126. 
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^nivel at the top, below which there was blue clay containing bark and driftwood. 
The gold in Allcne Creek is bright and flaky, not much waterworn. One small 
nugget was found during the season. The bed rock, consisting of mica-schist and 
greenstone, which was seen on the north shore of Grantley Harbor, prol>ably 
extends northward at this place into the Agiapuk drainage, passing underneath the 
Imsalts of Mukacharni Mountain. 

Sluicing was also done during the season on Igloo Creek, which enters 
Grantley Harbor a few miles east of Sunset Creek. 

Hay Creek marks the eastern boundary of the Port Clarence limestones, 
which extend to the westward pi'actically all the way to the Kanauguk River. 
None of the streams which enter Bering Sea from this limestone area are know n 
to the writer to yield placer gold. On the north side of the Agiapuk the Port 
Clarence limestones, resembling those near Teller Mission, are well developed 
over a large area, and are probably not gold bearing. The gold-bearing gravels 
north of Grantley Harbor then will probably be found to be confined to the 
high land between Grantley Harbor and the Agiapuk, west of Bay Creek. The 
Agiapuk Valley itself is filled with Pleistocene clays and gravels, probably old 
lake-bed deposits, in which placer gold is probably not sufficiently concentrated 
to be of economic importance. The whole of this area is easily accessible from 
Grantley Harbor, and is entirely within a radius of 20 miles from Teller. On 
account of its location, mining can probabl}'^ be done here at small expense. 

Sunset Creek at its forks, 4 miles from the coast, carries sufficient water 
for sluicing, probably during the whole season. This is probabW also true of 
Allene and Igloo creeks. If hydraulic mining should be attempted, water would 
probabW have to be brought from the California River or the Agiapuk, which 
would require a long ditch. 

PORT CLARENCE AND YORK MOUNTAIN REGION. 

Under this heading a region will be discussed which lies adjacent to and drains 
into Bering Sea, and embmces the southern drainage of the York Mountains 
and the streams tributar}^ to Port Clarence from the north. With the exception 
of a few small areas the region as a whole is underlain b}' the Port Clarence 
limestone, whiclj has never been found to be gold bearing. The more important 
streams which have received attention at the hands of prospectors are Mission 
Creek, and the California, Don, Lost, and Rapid rivers, besides a number of 
smaller streams whose names were not learned. Of these, as far as known, one 
of the forks of the Don River alone yielded colors of gold. 

About 5 miles from its mouth the Don River forks, the eastern fork being 
known as Tozier Creek. This creek flows along the western base of a mountain 
composed of dark slates of the Kuzitrin series. These slates are cut by dikes 
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of granite, and are often considerably mineralized. They appear in the bed of the 
creek and in a number of tributaries from the east side. The main creek at this 
point and several of the tributaries have been extensively staked, and it is probable 
that colors of gold have been found here, although no development work has been 
done and no miners were seen. Prospectors seen along the Don River above Tozier 
Creek reported a failure to find in the gravels either colors of gold or black sand. 
This is probably also true of all the rivers and creeks named above, with the 
possible exception of Tozier Creek. 

YORK REGION. 

That part of the Seward Peninsula lying west of the York Mountains, and 
including all streams flowing southward into Bering Sea and northward into the 
Arctic Ocean, is comprised in the York mining district, and was described by 
Brooks in 1900^ under the heading ''York region." The writer visited the region 
during July, 1901, but was able to add little of economic importance to the informa- 
tion already in hand. The following description of the topography is quoted from 
Brooks's report: 

"The York region extends westward from the York Mountains to the extremity 
of Seward Peninsula, an area of about 120 square miles. Its general topography 
has already been described. It is a plateau about 600 feet in height, bounded on 
the east by the York Mountains, which rise rather abruptly from the plateau level to 
elevations of 2,600 feet. Cape Mountain, a sharp pinnacle of like elevation, marks 
its western margin. A shelving shingle beacrh, usually not more than 100 or 200 
yards wide, lies between the escarpment of the plateau and the ocean. To the north 
the plateau seems to slope more gently toward Lopp Lagoon. A number of isolated 
hills rise above the plateau level, which usually have flat tops or are benched at 
elevations of 1,000 feet. The southward drainage of the region is by a number of 
streams w^hich have trenched sharply into the plateau surface; those flowing to the 
north have broader valleys with more gently rising slopes. The smaller tributaries 
of the main drainage system flow in small but typical canyons. The remarkable 
evenness and level character of the plateau is very striking; by avoiding the large 
waterways and making detours around the smaller canyons, a horse and wagon can 
be driven anywhere on the plateau surface as on a good roadway. 

"This plateau surface is probably due to denudation by wave action during a 
period when the land stood at a lower elevation than it does now. Since its 
elevation some minor stream adjustments have taken place. ... A drainage 
channel once existed which carried the drainage at the head of Kigezruk and Baituk 
creeks into Anakovik River by way of Deer Creek Valley. The causes cff this 
change in drainage are difiicult to discover." 

The larger part of the plateau is made? up of jointed slates, which have been 
correlated with the Kuzitrin series. To the west, near Cape Mountain, is a belt 

a Reconnaissances in the Cape Nome and Norton Bay Refdona, Alaski*. in 1900. p. 132, 
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of white limestone, which probably belongs to the Kigluaik series. Cape 
Mountain is itself made up of an intrusive granite stock, which is much jointed. 
The Kuzitrin rocks are overlain to the east bv the Port Clarence limestone, 
which makes up York Mountain. Ne^r the west end of the two series there 
are some large intrusive masses of greenstone. 

The bed rock of the Anikovik River consists of slates in which the original 
bedding is lost, and jointing and cleavage lead to the breaking up of the rock 
into pencils and rhombohedral forms.^ These slates contain a number of massive 
greenstone bodies, which are clearly diabasic in their origin. There are also 
interbedded some smaller schistose, greenstone sills, whose origin could not be 
determined. The mineralized portions of these slates were found to carry some 
gold, which is disseminated in quartz belts. Slates of this type were found 
extending northward along Grouse Creek and the Mint River to within a few 
miles of the lagoon, where they pass under the heavy gravel deposits which 
border the Arctic Ocean. 

Buck Creek heads in Conical Hill, a sharp peak rising about 1,000 feet above 
the general level of the York Plateau, and is composed of slates which do not 
diflfer essentially from the slates of the surrounding country. A number of 
quartz veins, much decomposed and stained with iron, were seen in the slates at its 
base on the head of Buck Creek. An assay of a sample of this quartz, however, 
showed no trace of gold. 

The Yankee River, a large tributary of the Mint River, heads near Brooks 
Mountain, the highest of the York group. This mountain is composed, in part 
at least, of slates similar to those at York, and in part of highly altered crystallized 
limestones, cut by granite and porphyry dikes. The mountain is almost wholly 
surrounded by Port Clarence limestones, which form hills on both sides of Mint 
River Valley several miles below the head of the river. The river occupies a 
broad, gravel-filled valley, in which there are no exposures of bed rock until, 
near the junction with the Mint River, the Kuzitrin slates are again exposed. The 
western branch of the Pinguk River, known as the York River, also heads in the 
slates of Brooks Mountain, and has cut down to the slates through nearly all its 
length until it enters the gravel-covered area near the Arctic Ocean. 

Gold, — The discoveries of more promising deposits in other parts of the 
peninsula had drawn away many of the prospectors whom Brooks found at York 
in 1900, and the backwardness of the season had delayed mining operations. In 
the whole district sluicing was in progress on only one claim. The entire district 
during the sunmier of 1901 probably produced less than $2(X) in gold. Several 
creeks flowing into the Arctic Ocean, which were not visited by Brooks in 1900, 
were found to carry colors of gold, but no sluicing was done. 

a See also Reconnaiasances in the Cape Nome and Norton Bay Regions, Alaska, in 1900, p. 188. 
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Grouse Creek, a tributary of the Mint River, is the most important stream 
flowing northward in the district. This creek is trenched in the plateau surface to a 
depth of from 100 to 300 feet, but for a great part of its course flows over gravel bars 
which occupy its bed, and at the present time the creek is broadening rather than 
deepening its valley. The eastern tributaries of Grouse Creek generally head in the 
York Mountains, and are largely filled with gravels composed of limestone, with 
some greenstone, the latter derived from the intrusives in slates near the base of the 
mountains. The western tributaries of Groase Creek flow wholly within the slates, 
and offer moi'e inducement to the prospector. Colors of gold have been found in 
Buck and Gold creeks, and prospectors were doing assessment work on the former 
at the time of our visit. A drain ditch 100 feet long had been cut near the mouth 
of the creek, and other developments were being made on some of the tributaries. 
In this ditch good prospects had been found. The gold was in rounded grains 
identical in .chamcter to the gold of the Anikovik River and Buhner Creek, which 
flow southward in the region. Well-rounded fragments of magnetite were found 
associated with the gold. 

Tin. — During his examination of the York region Brooks's attention was 
called to stream tin ^ (cassiterite), which the miners had found in their sluice boxes 
but had not identified. This mineral was associated with garnets, magnetite, gold, 
and other heavy minerals in the sluice boxes. The source of the tin placer he was 
not able to determine, but believed that it was in the bed rock of the immediate 
vicinity of the placers. At the time of the writer's visit to this district mining 
operations had scarcely begun. There were, however, a number of prospectors 
who had only learned a few days before, from a bulletin sent in by Mr. Brooks, 
that the heavy mineral found in the sluice boxes was of possible economic value. 
Considerable prospecting for tin was done after this time, the details of which are 
not definitely known. It is reported that stream tin ha^* been found by prospectors 
in nearly all the streams northeast from York for a distance of about 20 miles. 
The streams mentioned as carrying placer tin are the Anikovik River and all of 
its tributaries, the Kanauguk River, Baituk Creek, Kinzuk Creek, and Lagoon 
Creek, flowing into Bering Sea, and Grouse, Buck, Yankee, Mint, and York 
creeks, flowing into the Arctic Ocean. The York River, the western branch of the 
Pinguk, is said to be very rich in placer tin.* Gravel deposits, jielding from an 
ounce to a pound of tin to the pan, are reported to have been found. Pebbles of 
magnetite, worn smooth and having a luster resembling that of the tin, occur 
associated with and are often not easily distinguished from the darker forms of 
the cassiterite. Thi^^ iron, being quite generally distributed through the placers 

«ReconnaisKan(;c8 In the Cap>c Nome and Norton Bay Regions, AlaMka. in 1900, p. 136; and An occurrence of strefun 
tin In the York region, AlaHkn: Mineral Resources V. S. 1900, pp. 267-270. 
ft For this Information the writer is indebted to T. B. Fish, of York. 
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of the region, may have been in some instances mistaken for cassiterite by the 
prospectors. 

Tin veins, where found in other parts of the world, are usually associated with 
intrusions of granite or other acid igneous rocks. However, in Cornwall they 
are sometimes found in the slates adjacent to the granite. Wherever found the 
wall rocks are altered by mineralizing solutions, and are often impregnated with 
cassiterite. Where such veins occur in granite the important ore bodies are often 
found to consist of this altered wall rock, the feldspar of the granite being replaced 
by cassiterite. ** 

No acid eruptive rocks have }et been found within the drainage area of the 
Anikovik River. There are large intrusive masses of greenstone, which are 
probably gabbros, at the head of this river and also on some of its eiistern 
tributaries. Sills of schistose greenstone, whose origin is obscure, but which are 
probably altered basic intrusives, occur distributed through the slates of the York 
region. The stream tin may be associated in the bed rock with these basic 
intrusives, though such an occurrence would be unusual. Tin-ljearing veins of a 
type similar to ordinary silver and copper-bearing veins may occur in the slates 
of the York district, and so account for the distribution of the placer tin. 

The region about York in which the Anikovik River and other tin-bearing 
streams are located has, in recent geologic time, been reduced to a plain, possibly in 
part by wave action and in part by subserial erosion.* At this time a considerable 
thickness of rock strata was undoubtedly removed by erosive agencies, and the 
heavier constituents of these rock masses must have been more or less concentrated 
upon the plain surface. Subsequent to this base-leveling the York plain has been 
elevated to a plateau, which has been dissected by the creeks and rivers of the 
region. That the elevation of this plateau is an occurrence of comparatively recent 
geologic time is shown by the fact that the smaller creeks flow in sharply cut 
V-shaped canyons, and have scarcely begun to broaden their valleys. As these 
valleys and canyons are developed, the heavier materials of the surface are 
naturally reconcentrated in them. If during the base-leveling period the heavier 
concentrates of the erosive agencies were transported to an}^ extent from their 
original sources, and if they are again concentrated in subsequent creek beds, they 
may be found removed some distance from their original sources. It is possible 
that the rocks from which they came may in some instances have been wholly 
removed, leaving no evidence in the present bed rock to show what thej^ may 
have been. 

Waterworn pebbles and bowlders of gabbroic greenstone of the type which 
forms large masses about the head of the Anikovik River are common in the 

a QeneslH of ore-deposittt, by F. Poeepny: Am. Inst. Min. Eng., 1902, p. 139. 

t> Reconnaisaances in the Cape Nome and Norton Bay R^ons, Alaska, in 1900, p. 132. 
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beds of the Anikovik River and (jrouse Creek. These bowlders are frequent 
along Buhner Creek, where the tin was first found. No rock of this character 
has been found in the bed roi»k within the Buhner Creek Basin^ or indeed within 
5 miles of Buhner Creek. There is no evidence that these bowlders were 
transported to their present place otherwise than by being rolled along with 
currents of water. The possibility of their being floated on shore ice at some 
time of submergence must be considered. The wide distribution of the stream 
tin in this region, together with the fact that pebbles and l)owlders of known 
origin have been widely distributed independently of the present drainage, 
suggest at least that the original source of the stream tin may be some distance 
from the present deposits, and is not necessarily to be found within the present 
drainage of the streams where it occurs. Acid igneous intrusions, such as 
cassiterite veins, are usually associated with, are found in Cape Mountain 
and Brooks Mountain. The slates of Brooks Mountain have suffered great 
metamorphism. The York River, which is reported to be very rich in tin, heads 
in this mountain and carries granite pebbles and bowlders, which suggests that 
the tin had its origin near the granite contact. The wide distribution of this 
mineral in the creeks of the York district justifies the belief that the veins from 
which it is derived will yet l)e discovered. 

ARCTIC REGION. 

The Arctic recording district includes the drainage of the Arctic Ocean between 
the Mint River and Shishmaref Inlet. The old recording office of the district, 
which was loi'ated a few miles west of Ear Mountain, at the junction of Tuttle 
Creek with the Kugruk River, has been abandoned. The general area included 
in the Arctic district will, however, be described in this report under the heading 
^'Arctic region." It includes a numl)er of rivers and creeks which flow northwest- 
ward into the lagoons l>ordering the Arctic Ocean. The three largest of these 
rivers are designated on the map ])y the native names, Pinguk, Nuluk, and 
Kugruk.*' All of these rivei*s have received attention from prospectors, and 
during the early part of the season of 1901, at the time of our visit, a mining 
camp was loaited on Tuttle Creek, one of the tributaries of the Kugruk. So far 
as is known to the writer, however, no discoveries of valuable placer deposits were 
made. Adjacent to the shore is a belt of low-lying coastal plain which is dotted 
over with small lakes and underlain by thick layers of gravel, but in which no 
l)ed rock is exposed. Back of this coastal plain there is a gently rolling plateau 
standing 400 to 500 feet above the sea, and more or less dissected by streams 
and river valleys. This upland plain is the continuation of the York Plateau. 
It is terminated to the south by more abrupt slopes rising to higher hills. 

a There ace two other riven of this name in the northern part of the Seward Peninsula. 
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Pingvk River. — This river flows into a lagoon about 30 miles northeast of 
Cape Prince of Wales, and has a serpentine course over the gravel of the 
coastal plain in its lower stretch. About 10 miles from the sea the river forks, the 
western fork being called the York River, the eastern being known as the McKillop 
River. The York River heads at the eastern end of Brooks Mountain, and flows 
northeastward to its junction with the McKillop River, In crossing the plateau 
above mentioned it occupies a valley from 200 to 300 feet deep. Along this 
valley slate bed rock is exposed through part of the distance, at least, and the 
stream gravels contain pebbles of slate derived from the Kuzitrin series as well 
as limestone derived from the Port Clarence limestones. It is reported that 
stream tin has been found in this river, with but little, if any, gold. No 
development work had been done on this river at the time of the writer's visit 
early in August. 

McKillop River rises in the limestone hills which form the eastern extension 
of the York Mountains. Its valley is cut almost wholly in limestones of the 
Port Clarence formation, and it is not known to have yielded colors of gold. 

Nvliik River. — This river enters the lagoon 40 miles northeast of Cape Prince 
of Wales. It heads in the high mountains made up of the Port Clarence limestone 
about 35 miles south of the Arctic Ocean. For 15 miles from its head the river 
occupies a canyon, varying from 100 to 1,000 feet in depth, cut in these Silurian 
limestones. Fossils of the same age as those north of Port Clarence were found 
about the head of the river. Northward along its course the character of the 
bed rock changes, and calcareous mica-schists are found. The Silurian limestones 
dip toward the schists, and near the contact with them are very highly folded. 
These schists are believed to overlie the limestones. 

The coastal plain gravel extends inland farther along the Nuluk River than 
it does on the other rivers of this region. No colors of gold are known to have 
been found in the gravels of the Nuluk River or of its tributaries. The 
unaltered limestones through which it flows do not contain mineralized veins, and 
are not promising as sources of placer gold. 

Kugruk River.^ — This river enters the lagoon about 45 miles northeast of 
Cape Prince of Wales, and lies almost wholly within the coastal plain gravels 
and the York Plateau. Its source is about 25 miles from the sea, but it has 
a number of tributaries from the northeast side, which give it a comparatively 
large drainage are^. 

The bed rock about the river's head is limestone and calcareous schist, with 
some intrusive greenstones. The river and its tributaries have cut valleys from 200 
to 400 feet deep in this bed rock. These limestones are probably in part Silurian, 

alt should be noted that there are two other riven of this name in the region. 
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but they are more highly crystalline than the Port Clarence limestone, and their 
exact relation to that formation was not determined. 

The bed rock along the Kugruk River seems promising for placer gold. Many 
claims were found staked along it and its tributaries, although very few prospectors 
were seen in the region. It is not known to the writer that gold has been found 
along the river. 

Tuttle Creek is a northern tributary of the Kugruk River, about 10 miles from 
the mouth. The creek heads on the north side of Ear Mountain, and has cut a 
rather narrow valley in the plateau which surrounds the mountain. During the 
summer of 1901 Tuttle Creek was the scene of a small excitement caused by reports 
brought out the year before. About 50 men visited the creek during the course 
of the summer. Colors of gold and small ouggets are reported to have been found 
in the gravels, but the creek was practically abandoned .before the end of the 
season. Through much of its length the creek meanders over gravel flats with no 
bed-rock exposures, but about 5 miles from its head dark quartzite or slate bed 
rock outcrops. This quartzite extends to the head of the creek at Ear Mountain, 
contains large intrusions of granite, and is more or less metamorphosed by them. 
The stratigraphic relations of these slates could not be definitely determined. In 
lithologic character they resemble Kuzitrin rocks, and are regarded by the writer 
as belonging to that formation. 

Other Htreams. — Between the Kugruk River and Shishmaref Inlet there are 
several small streams, none of which were visited by members of the Geological 
Survey party. It is not known that any of these have yielded colors of gold. 

Quartz veins. — The dark slates in which the granite of Ear Mountain is intruded 
are often cut by small veins of quartz more or less mineralized. A specimen taken 
from a slide in the bank of Crosby Creek, about 3 miles south of Ear Mountain, 
consisted of glassy quartz and large crystals of pyrite. It was assayed by Dr. E. T. 
Allen, of the United States Geological Survey, and showed a trace of gold. 

SHISHMAREF REGION. 

The Arctic drainage of the region lying east of the Arctic district will be con- 
sidered under this heading. The natne is taken from Shishmaref Inlet, which is the 
deepest embayment on the northern coast line of the peninsula. The region all lies 
in the Goodhope recording district, which also embraces a considerable area to the 
east, outside of the region surveyed by our party. 

. This district includes the drainage of Shishmaref Inlet and the western drainage 
of Goodhope Bay, together with the peninsula lying between them on which Devil 
Mountain is situated. As far as known to the writer no gold has been found in this 
district east of Shishmaref Inlet. 
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With the exception of Devil Mountain, the region between Shishniaref and 
6oodho{>e Bay Is low and flat. It wa8 not explored by members of the Geological 
Survey party, and little is definitely known of it. The surface, as viewed from 
Ear Mountain and Midnight Mountain, appears to be an erosion plain slightly 
elevated above sea level, above which rise a few low dome-shaped buttes. The 
topography of these buttes suggests that the bed rock is composed of schist and 
limestone. Devil Mountain rises about 600 feet above the general level, and is a 
ridge with a northwest trend, and has on its summit a number of jagged crags. 
Kotzebue, who named the mountain, compared its irregular crest to a ruined castle. 
These rocks are probably outcrops of granite similar to that of Ear Mountain. 

The rivers flowing into Shishmaref Inlet have received considerable attention 
from prospectors. A recording oflice and Shishmaref post-oflice are located on 
Sarichef Island, at the northeastern entrance to Shishmaref Inlet. The writer 
was informed by Charles W. Mashbum, the deputy recorder of the district, that 
there is a good harl>or for small coasting vessels at this plae«, and that the 
Serpentine, the largest river of the district, is navigable for small steamers for 
at least 20 miles inland. Kotzebue reported 8 fathoms of water at this entrance. 
Shishmaref Inlet is bordered by a wide coastal plain, made up of gravel, from the 
margin of which a dissected erosion plain slopes upward to an elevation of 500 
to 1,000 feet. Ear Mountain, Kugruk Mountain, Midnight Mountain, and Devil 
Mountain, rising above this plateau, mark the limits of the Shishmaref drainage. 
The Serpentine and Arctic rivers are the two most important streams of the 
basin. 

Arctic River. — ^The Arctic River rises south of Eiir Mountain, has a length of 
about 25 miles, and flows into the west side of Shishmaref Inlet. Southeast of Ear 
Mountain the course of this river is in a broad basin containing a number of 
small lakes. Below this basin the river has cut a well-defined canyon. Viewed 
from the surrounding hills the basin appears to be an old lake bed. A broad, 
flat divide, which has what appears to be an abandoned river channel across it, 
separates this basin from the drainage of the Kugruk River of the Arctic region. 

The bed rock is highly crystalline limestone and calcareous schists, with 
occasional highly altered greenstones. Veins and stringers of quartz are frequent. 
These limestones and calcareous schists were found within a short distance of the 
slates of Ear Mountain. If, as seems probable, they overlie these slates, they 
are to be correlated in part with the Port Clarence limestones. Their highly 
altered condition, however, in the absence of definite stratigraphic evidence, makes 
this correlation doubtful, and they have therefore been mapped with the .more 
indefinite Kugruk group of schists and limestones.^ 

a See description of the Nome series, pp. 21>24. 
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Many of the tril utaries of Arctic River have been staked, and colors of gold are 
reported to have been found. At the time of the writer's visit, in August, all of the 
prospectors had left the river. 

Serpentine River. — This is the largest river of the district. Heading near Mid- 
night Mountain, about 35 miles from Shishmaref Inlet, it flows into that inlet by a 
very sinuous course, from which character it receives its name. The river was first 
explored and named by Charles McLennan, who, with dog team and Eskimo assistants, 
made a trip into the region from Shishmaref Inlet in May, 1900. McLennan was 
probably the first white man to reach the hot springs on Spring Creek, a tributary 
cf this river. He staked a number of claims along this creek, and prepared a map 
of the region, a copy of which was received in Washington in March, 1901. In 
September, 1901, the writer found a small settlement at the hot springs, but no trace 
of the claim stakes set up by McLennan the year before remained. A small garden 
had been made on some of the ground near one of the springs, and vegetables, 
consisting of lettuce and radishes, had been grown without difficulty. 

The bed rock of the Serpentine River Basin above the coastal gravel belt consists 
of dark graphitic and feldspathic mica-schists, which form Midnight Mountain, and 
of crystalline limestones and mica-schists of the Kugruk group. The relations of 
the dark schists to the limestones were not determined, though they are regarded as 
belonging to the Kugruk series. In the vicinity of the hot springs these dark schists 
have been intruded by extensive granite masses, forming a large area of granite. 
This granite outcrops in needles and pinnacles, produced by weathering along a double 
set of joints. 

Colors of gold are reported to have been found on a number of the tribu- 
taries of the middle fork of this river, and in September a number of miners 
were preparing to winter in the neighborhood, the principal settlement being at 
the hot springs. In the season of 1901 development work preparatory to mining 
was reported on Schlitz, Bella, and Bryan creeks. No gold in commercial quan- 
tities has yet been taken from any of these creeks, and owing to the limited 
amount of time at his disposal the writer was unable to visit them. 

Two routc».s of travel are used by prospectors entering this region overland. 
The first is from Teller to the junction of the Agiapuk and American rivers, 
thence up the American River and Portage Creek to the divide, and around the 
north end of Kugruk Mountain. The second is from Nome or Teller by way 
of the Kugruk River and Macklin Creek. This creek heads within a short dis- 
tance of the head of the Serpentine River. The first of these routes is used for 
travel with dog teams in the winter; the second is more generally traveled in 
summer. 

Along Spring Creek for a distance of about half a mile there are hot sul- 
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phur springs. Two of these, the upper and lower ones, were visited by the 
writer. The upper spring is on the banks of the creek, probably above an}^ 
except the highest floods. The spring is in the center of a broad mound, 10 
feet in diameter and perhaps 2 feet high, built up from material prccipitatc^d 
from the spring water. The temjxiniture of the water is about 212*^. The 
lower springs ai*e below the high-water mark of the creek. The amount of 
water is not over 1 miners" inch. For some distance around the spring the 
ground is warm, making it an ideal place for wintering in that climate. 

AGIAPUK REGION. 

V 

The Agiapuk, flowing into Imuruk Basin from the north, drains an area of 
from 800 to 1,000 square mile^ in the center of Seward Peninsula. The river forks 
about 20 miles north from Imuruk Basin, the eastern and larger branch being called 
the American River by the prospectors, while the western branch retains the 
name Agiapuk. Below the forks the Agiapuk River makes many meanders on a 
broad flood plain, from which the upland rises b}'^ gentle slopes to flat-topped hills 
with elevations of 600 to 800 feet. 

The western branch occupies a broad depression which for about 20 miles 
extends parallel with Grantley Harbor and Port Clarence, from which it is separated 
by an upland of about 1,000 feet elevation. Near its western end this depression 
has an altitude of about 500 feet, and is about 5 miles wide. The California 
River drains a part of this depression through a new, deep-cut canyon. The 
depression is limited on the north by flat-topped mountains, which rise to eleva- 
tions of 1,000 to 1,800 feet. The main part of the Agiapuk River emerges from 
a comparativ^ely narrow valley in these mountains into this depressed area. 

The Agiapuk Valley below the forks is filled with flood-plain gravels. These 
gravels extend up the river, and till the depression above described. It is 
reported that a shaft has been sunk near the mouth of Allene Creek to a depth 
of 60 feet through gravel and cla}*^ containing driftwood, etc. These gravels 
probably occupy a depression which has been at some time either a lake or arm 
of the sea and filled with sediments. Where the upper end of the depression is 
cut by the California River bed rock is exposed in some places. Schists and 
limestones with later basalts are exposed in the upland lying between the 
Agiapuk and Grantley Harbor. These have already been described in connection 
with the Grantley Harbor region. 

North of the Agiapuk the bed rock, as far as known, consists of Silurian 
limestones of the Port Clarence formation. These limestones are comparatively 
unaltered and are generally not mineralized to any extent. 

It has already been shown that some of the streams flowing into Grantley 
Harbor from the north carry gold. No promising prospects of gold are known 
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to have been found in the tributaries which enter the Agiapuk from the north 
side. The unaltered and uniuineralized character of the bed rock is not favorable 
for the occurrence of gold. 

American River. — The American River is the eastern and larger fork of the 
, Agiapuk. It joins the Agiapuk River in a broad, gravel-filled basin, and for 20 
milies up is characterized by a wide flood plain and a meandering course. It 
receives a number of large tributaries from the east, which also have wide flood 
plains developed in their lower parts. The important tributaries are Portage 
Creek, Budd Creek, and Igloo Creek, while smaller tributaries are Burke, Gold 
Run, Dome, and Camp creeks. All of these tributaries have received some 
attention from prospectors. The river is easily navigable for small boats for 
several miles above the mouth of Portage Creek, and the region can also be 
easily reached by pack train from Teller. 

During our brief stay in this region in the latter part of August no mining 
was being carried on, and but few prospectors were seen, although gold had been 
discovered in the region in September of the previous year, and a number of 
the streams* are known to be gold-bearing to some extent. Some assessment 
work, consisting of prospect holes and crosscut ditches, had been done earlier 
in the summer. 

Above Portage Creek the American River has an east- west course for about 20 
miles. This part of the river was not examined by the writer, and no discoveries of 
gold are known to have been made. The bed rock at the head of the river consists 
of the limestones of the Port Clarence formation. These limestones are little altered 
and are not mineralized to any extent, and are probably not productive of placer 
gold. At the mouth of Portage Creek, where this river was examined, the bed rock 
consists of calcareous mica-schists and limCvstones, which are more promising as a 
source of placer gold. The bed rock between these points is not known, although 
the topography suggests the extension of the Port Clarence limestones for some 
distance down the stream. 

Portage Creek heads about 15 miles southwest of Shishmaref Inlet, and flows 
eastward for sevei'al miles in a canyon cut in the pleateau which slopes down to 
that inlet. It then turns southward and flows in a comparatively deep valley 
for 10 miles, to its junction with the American River. Through the last 5 miles 
])efore entering the American River a broad flood plain is developed, within 
which the creek has a very sinuous course. 

Along Portage Creek limestones and calcareous mica-schists, with occasional 
beds of graphitic schist, constitute the bed rock. Prospect holes and one 
crosscut ditch 100 feet long were seen, but no active mining was in progress. 



aReeonnaiflsances in the Qape Nome and Norton Bay Regions, Alaska, in 1900, p. 125. 
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Budd Creek enters the American River from the east, about 6 miles below 
Portage Creek. It is 15 to 20 miles in length. About 3 miles from its mouth it 
receives a large tributar}^ Windy Creek, from the south side. About 10 miles 
above its mouth it forks, the two parts coming from the north and south, their 
direction being determined by the strike of the bed rocks. 

The bed rock on Budd Creek is composed of crystalline limestones, calcareous 
mica-schists, and graphitic schists, usually striking in a north-south direction, and 
having dips varying from 0^ to 70^. Kugruk Mountain, a few mile^ east of 
the forks of Budd Creek, is made up of quartz-mica-schist, which has been 
thrown up into an anticline. Below the forks the creek sinks, leaving its bed 
dry except in times of high water. After flowing underground for about 2 
mile's, the creek rises again in a number of springs. This sink occurs where a 
massive bed of limestone, dipping downstream at a small angle, cuts across 
the creek. 

Windy Creek is tributary to Budd Creek from the south about 5 miles from 
its mouth. This creek is about 5 miles long and flows nearly north, parallel to 
the strike of the bed rock, which consists of more or less flaggy beds of limestone, 
between which there is a strata of graphitic schist that outcrops along nearly the 
whole length of the creek. Near the head of the creek its bed contains many 
bowlders of greenstone, which are derived from sills intruded in the limestone 
near its head. The valley of Windy Creek is broad and gravel filled. Along 
the sides of the valley, back from the creek bed, the gravel extends up the slopes, 
forming some well-marked gravel benches. A cut bank of the creek shows 6 
feet of muck overlying 6 feet of gravel. Prospecting has not reached bed rock. 

Along the upper parts of Budd Creek many claims have been staked, and 
assessment work, consisting of prospect pits and crosscut ditches, has been done 
in a number of places. Windy Creek is staked by one company for alx)ut 3 
miles of its length. No prospectors were seen on Budd Creek or its tributaries, 
and no active mining has been done. This creek carries sufficient water for 
sluicing, except at the places where it sinks in passing over limestone. The same 
is true of Windy Creek, the large southern tributary. 

Igloo Creek, also called on some maps Lewis Creek, enters the American River 
a few miles above its junction with the Agiapuk. This creek, like Budd Creek, 
flows west across the strike of the bed rock, which, as on Budd Creek, consists of 
limestones, calcareous and graphitic schists, with some intruded sills of greenstone, 
which are highly altered. Like Budd Creek, Igloo Creek sinks for about a mile 
of its course, probably in crossing the same bed of limestone that causes the sink 
on Budd Creek. In its lower course Igloo Creek meanders over a broad flood 
plain, from which the hills rise by very gentle slopes to the flat-topped upland. 
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Practically all of Igloo Creek and its tributaries have been staked, but little 
evidence of prospecting or assessment work and no active mining was being done. 
Colors of gold have been found on the creek, but the exact localities are not known 
to the writer. Igloo Creek, except where it sinks in passing over limestone beds, 
carries a large amount of water, which is ample for mining the creek bed on a 
large scale at all seasons. 

The Mary River has a length of about 20 miles, flows into the upper end of 
Imuruk Basin, and is included in the Agiapuk mining district. About 5 miles from 
its mouth the river forks, the two branches being of about equal size. The lower 
part of the course of the Mar}' River is within the flats which border Inmruk Basin. 
Above these flats the valleys of the two branches of the Mar}*^ River are wide, and 
within them the rivers meander over broad flood plains. Between the forks of the 
river there is a broad, flat-topped ridge, with an elevation of 700 feet, and partly 
covered with washed gravel. 

At the edge of the Imuruk lowlands, where the Mary River enters them, there 
are gravel bluflTs and isolated gmvel buttes. These bluflTs and buttes are remnants 
of a higher gravel plain. 

On the ridge between the forks of the Mary River there are two low, rocky 
buttes, which, on account of the general low relief of the region, stand out as 
landmarks. These buttes are composed of white crystalline limestone, whose 
l)edding is obscured by jointing and cleavage. Except for these buttes the bed 
rock, as indicated by fragments found on the surface, consists of calcareous mica 
schists, whose horizon was not determined. The Kuzitrin slates form a broad belt 
of dark schistose quartzites between the Mary River and the Kuzitrin at Marys 
Igloo. About the heads of the two branches of the Mary River the bed rock consists 
of calcareous and graphitic schists similar to those on Igloo and Budd creeks, 
tributaries of the American River. Little bed rock is exposed on the Mary River. 

Gold is not known to have been found on this river, and but little or no 
prospecting has been done. The bed rock is of a highly altered character and 
promising for placer gold, but the great thickness of gravel along the stream and 
the uncertain depth to the bed rock render it doubtful if gold will be found in 
paying quantities. ^ 

KUZITRIN BASIN. 

The basin of the Kuzitrin River lies in the southeastern part of the region 
under discussion. This river has a southwesterly course and flows into the upper 
end of Imuruk Basin. It drains the northern slopes of the Bendeleben Moun- 
tains, and receives a number of large tributaries from the north, of which the 
Kugruk is the largest. The Kruzgamepa, which joins the Kuzitrin about 20 miles 
from tide water, flows through the broad depression between the Kigluaik and 
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Dahl Creek is an important tributary from the south, about 6 miles above 
the mouth of Quartz Creek. The village of Quartz Creek is located at this point. 
During the summer of 1900 gold was found in the creek bed nearly throughout its 
whole length. At the time of the writer's visit to the creek, in September, 1901, 
nearl}^ all the workings, except those near the mouth of Dahl Creek, had been 
abandoned or suspended for the season. ■ Ever}'^ claim on Dahl Creek for a distance 
of 1 mile from its mouth was being worked. The excavations along the creek show 
great irregularity in the deposition of the gravel below the creek bed. Streaks of 
reddish gravel, showing cross bedding interbedded with layers of clay and muck, 
often containing vegetable matter, make up the sections exposed. These irregular 
gravel streaks are often found to be pay streaks. In the bottoms of the pits a 
thicker layer of gray, gravelly hardpan was found to carry good values in coarse 
gold. On claim No. 2 on the left bank of Dahl Creek the section from the surface 
down was as follows: 

Section on Dahl Creek. Feet. 

Muck 6 

Reddish gravel, showing cross bedding 4 

Gray hardpan gravel. 

The gray gravel consists almost wholly of white quartz pebbles, cemented 
together with a whitish cla3\ This layer carried gold to a depth of 6 feet, as far 
as it had been tested. The bed rock had not been reached in anv of these mines, 
although excavations have been made to a depth of about 9 feet below the creek bed. 

An upper pay streak has been found near the mouth of Dahl Creek, about 50 
feet above the level of the creek and 100 yards back, where a man with a rocker 
was working at the time of our visit. An excavation, about 50 by 100 feet and 
2 to 3 feet deep, showed a gray, gravelly hardpan, similar to that in the bed of 
Dahl Creek. The gravel lying immediately above this hardpan was rich enough 
in gold to pay for rocking. 

A thick layer of frozen muck generally overlies the gravel along the creek. 
In this layer mammoth and horse bones have been found together with the trunks 
of large trees. 

No bed rock is exposed within the workings on either Quartz or Dahl Creek. 
On the hill east of Dahl Creek fragments of a highly altered mica-schist were 
found, which prolmbly were not far from their bed-rock source. The high ground 
between Dahl and Coffee creeks has no exposures of bed rock, although fragments 
of mica-schist are often found on the surface, and it is not probable that the gravel 
in which Quartz Creek is cut mantles over this hill. 

Coffee Creek enters the Kugruk River immediately below the mouth of Quartz 
Creek. It resembles Quartz Creek in general character. In its lower course it 
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flows in a sharply cut canyon across the same high gravel plain. About 5 miles up, 
however, at the point where the wagon road from Lanes Landing to Quartz Creek 
crosses, the bed rock, consisting of a highly altered mica-schist, is probably near the 
surface. Some successful mining is said to have been done along this creek during 
the summer of 1901. This work had been suspended, however, at the time of the 
writer's visit in September. 

Quartz Creek and Coffee Creek vseem to carry considerable gold disseminated 
through a large amount of gmvel. The de|)o.sits of gravel which can te worked 
successfully by the methods of mining now in use are probably of limited extent, so 
' that more refined and economical methods will have to be ultimately adopted. 
Water for hydraulic pui'poses c^n probably be brought in a ditch from the head of 
Windy Creek, a distance not exceeding 10 miles. Brooks called attention to the 
probable occurrence of gold in gravels of the bench in which these creeks have 
incised their courses. These may possibly be worked by hydraulic methods. 
• During ordinary seasons these creeks all carry sufficient water for mining by the 
methods now in use. 

The Kugruk River is a large northern tributary of the Kuzitrin. It has a 
length, neglecting meanders and minor bends, of about 60 miles. Throughout the 
greater part of its course it occupies a canyon cut in a high plateau like upland, 
which varies in elevation from 1,200 to 1,800 feet. 

About 10 miles above its mouth the Kugruk River emerges upon the Kuzitrin 
lowland from its canyon. The course of this can^'on is approximately north and 
south for 30 miles, and follows in a general way the strike of the bed rock. Below 
the mouth of Coarse Gold Creek the canyon is sharply cut, and no gravel benches or 
extensive gravel bars were observed in the creek bed. Above Coarse Gold Creek 
the valley broadens. At this place there are broad l>enches, about 20 feet above the 
river bed, cut on the upturned edges of the schists, and covered with several feet 
of gravel. Similar gravel benches occur occasionally as far as the mouth of Taylor 
Creek, above which point the creek bed was not examined in detail. At the mouth 
of Macklin Creek the Kugruk River turns sharpl}^ and above this place it flows in 
*n east-west direction from its source at the east base of Kugruk Mountain. 

The bed rock along the Kugruk River is generally highly metamorphosed, 
consisting of mica-schists and calcareous schists, with large intrusions of greenstone. 
The greenstone is schistose, but has a porphyritic texture, the phenocrysts being 
hornblende, while the groundmass is made up essentially of opidote, hornblende, 
quartz, and chlorite, mostly secondary minerals. 

Coloi's of gold are reported to have been found pretty generally distributed in 
the gravels along the Kugruk. Good prospects of placer gold and some mining are 
reported on Windy, Neva, North Fork, Coarse Gold, Henry, Taylor, and Macklin 
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creeks, tributaries of the Kugruk River. Many smaller tributaries have been 
staked to some extent, but of them the writer has no personal knowledge. 

Windy Creek is a large tributary of the Kugruk River from the west. Its 
source is near that of Igloo Creek, which is tributary to the Agiapuk. Windy 
Creek flows across the strike of the bed rock in a deep canyon, cut in the Kugruk 
Plateau. The gravels seen at the mouth of this creek consist of greenstone, 
limestone, and mica-schist. The bed rock along the creek is reported to be a 
series of limestones and mica-schists. 

Sluicing is reported to have been carried on for about two weeks on No. 14 on 
this creek, and developments made on a number of claims preparatory for work next 
season. Windy Creek carries sufficient water for ordinary mining purposes. 

Neva Creek is a short tributarv of the Kucrruk River from the east side, about 
one-fourth of a mile alx)ve the mouth of Windv Creek. The bed rock at its mouth 
is gray mica-schist, highly metamorphosed. Sluicing was done in shallow gravels 
near the mouth of the creek during the summer. At the time of the writer's visit 
the camp was deserted, although the sluice boxes and canvas hose were still in 
position. 

North Fork is a large tributary of the Kugruk River from the east, about 10 
miles above Windy Creek. Harris Creek flows into North Fork about 4 miles from 
its mouth. The original discoveries of gold in the Kugruk region were made on 
Harris Creek, but during the season of 1900 it produced little gold. The writer was 
unable to visit the workings on this creek, but received the following information in 
regard to it from a prospector. Mining was in progress during September, 1901, 
on claims Nos. 4 to 10, inclusive. The creek cuts across the strike of the series of 
limestones and schists. At claim No. 11 the creek enters a limestone belt and sinks. 
Throughout nearly all the workings water for sluicing is insufficient on account of 
this sink. In all, 14 men were engaged in rocking and sluicing on Harris Creek 
during September. In these claims the bed rock consists of red and yellow clay, on 
which the pay gravel lies to a depth of from 3 inches to 4 or 5 feet. Above the sink 
Harris Creek carries an amount of water amply sufficient for mining, purposes. 
North Fork and its tributaries generally have been staked and prospected to some 
extent. No mining has been done except on Harris Creek. 

Coarse Gold Creek is a large tributary of the Kugruk River from the west 
side, about a mile above North Fork. It heads in the high divide between the 
Kugruk and Agiapuk drainages, and flows eastward, cutting across the strike 
of the schists and limestones. At the mouth of the creek the )>ed rock consists 
of highly altered mica-schists. Colors of gold have been found in the creek, but 
no mining has been done. 

Henry Creek is tributary to the Kugruk River from the west, about 10 miles 
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above the mouth of the North Fork. It heads in the high divide south of Kugruk 
Mountain, and flows eastward in a deep canyon cut in the upland and across the 
strike of the schist and limestone bed roc^k. Good prospects of gold have been found 
on this creek, but no mining has been done. On the Kugruk River, immediately 
below the mouth of Henry Creek, a mining ditch has been dug and sluice boxes 
set up to work the gravels near the river. The mine was not in operation in 
September, 

The KugruK River forks about 35 miles from its mouth, the branches being 
of about equal size. The eastern fork is called Taylor Creek, while the western 
retains the name Kugruk River. Taylor Creek rises to the southeast of Midnight 
Mountain, and flows west to its junction with the Kugruk River. It occupies a 
valley about 8(X) feet deep, cut in the plateau on which Midnight Mountain 
stands. The bed rock at the mouth of Taylor Creek is a dark schist similar to 
that of Midnight Mountain, while immediately south of that mountain, at a point 
about 6 miles from the mouth of Taylor Creek, there are exposures of very 
much altered limestone. The creek probably cuts across the strike of a series 
of beds of schist and limestone. Colors of gold are known to have been found 
on this creek and some of its tributaries, but no mining has been attempted. 

Macklin Creek is a tributary of the Kugruk River from the east side, about 
6 miles above the mouth of Taylor Creek. It heads near the base of Midnight 
Mountain and flows westward about 6 miles to its junction with the Kugruk 
River. For several miles Macklin Creek flows parallel to Schlitz Creek, tributary 
to the Serpentine River, and a low pass between the two creeks suggests an old 
waterway. The creek occupies a rather broad valley cut in the upland. The 
bed rock, where it has been seen, consists of dark feldspathic, graphitic mica-schist, 
similar to that of Midnight Mountain. Promising prospects of gold were discov- 
ered on Macklin Creek in the summer of 1900. There are 29 claims on the 
creek, and considerable development work preparatory to mining was done during 
the summer of 1901, but by the middle of September no sluicing had been 
done. The thick vegetable growth of the hillsides also covers the creek bed, 
making a great deal of stripping necessary before mining can be begun. The 
pay gravel contains man}^ angular fragments of graphitic schist. In the pay 
streak as high as 75 cents to the pan has been obtained, though the average is 
much less. Some sluicing was done on the creek after the time of the writer's 
visit. Though the exact results obtained are not known, they are reported to have 
been satisfactory and to justify a continuation of the work next year. Macklin 
Creek at the point where the present mines are located carries sufficient water 
for sluicing in all ordinary seasons. 

About 15 miles northeast of the mouth of the Kugruk the Kuzitrin River forks^ 
the northern fork being called the Noxapaga, while the eastern branch retains the 
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name Kuzitrin. The Kuzitrin River receives four large tributaries from the south, 
which head in the mountains of the Bendeleben group, and the main volume of 
water comes from these mountains. 

The Noxapaga River has a ver}' sinuous course across the valley lowland. 
About 8 miles north of its junction with the Kuzitrin the Noxapaga flows near the 
northern edge of the valley lowland. At this }x>int it receives a large tributary 
from the north, known as Turner Creek, where Noxapaga, the rec»ording office 
of the district, is located. Two miles above Turner Creek the Noxapaga occupies a 
i-ather broad canyon cut to a depth of 50 feet or more in a gi*avel-covered plain 
above the valley floor. . About 8 miles a]x)ve Noxapaga the river forks, the 
])ranches being known as the East and West forks. Their upj^er waters lie in 
valleys incised in the higher plateau. Gold has been obtained from Garfield 
Creek, Boulder Creek, and Goose Creek in this region. 

Garfield Creek entei*s the Kuzitrin River from the north side, about 5 miles 
below the mouth of the Noxapaga. For about 5 miles it has a verj' sinuous 
course through the lowland basin. Above this part of its coui'se it occupies a 
valley cut in the upland for a distance of about 5 miles. Gold was discovered 
on the creek in 1900, during which season it produced considerable gold from a 
shallow pay streak al>ove a white clay foundation which was confined to the creek 
bed. The mining conditions during 1900 are described in a previous report.^ In 
September, 1901, the workings on Garfield Creek had ]>een almndoned. The exact 
amount produced during the season of 1901 is not known, but was not great. 
The owners of claims along the creek were preparing to prospect them with 
steam thawei*s during the winter, with a view to locating a deeper pay streak 
near the bed roi'k. Gurfield Creek carries sufficient water for sluicing during 
ordinary seasons. 

Turner Creek is a good-sized tributary which enters the Noxapaga where 
that river approaches the northern edge of the valle}'^ lowland. Its general 
course is al)out S. 20^ K, In the lower 3 miles of its course it meanders 
in a broad valley cut in the upper gravel plain which bordei*s the lowland. 
Above this point the valley becomes narrower as the inclosing upland becomes 
higher, and at the creek's head the valley is deeply and sharply incised in the 
upper plateau surface. Three miles above its mouth Boulder Creek, about 5 
miles in length, enters Turner Creek from the east. 

No bed rock is exposed on Turner Creek for 4 miles above its mouth. 
Above the mouth of Boulder Creek there are occasional outcroppings of lime- 
stones and calcareous mica-schists, the strike of which, as far as could be 
determined, is nearly pamllel to the course of the creeks. About 5 miles above 
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the mouth of Boulder Creek Turner Creek receives a number of tributaries, 
which together form a fan-shaped basin in the plateau surface. The larger forks 
of the creek head near Baldy Mountain. No mining has been done along Turner 
Creek, although good prospects of gold are reported to have been found and the 
whole creek is staked. 

Boulder Creek occupies a straight, rather broad valley, which is deepl}*^ cut in 
the higher upland about the creek's head, but has less depth in the lower country, 
where Boulder empties into Turner Creek. The bed rock is calcareous schists and 
limestones, with some beds of graphitic schists, whose relations to the other 
schists were not determined. The rocks are deeply covered with moss, muck, and 
gravel, so that they are exposed only in mining excavations. Gold in paying 
quantities was discovered on Boulder Creek early in the summer of 1901. Twenty 
claims have been staked on the creek, all of which are reported to show colors 
of gold. Sluicing was begun on the creek about August 8, and some gold had 
been taken out with the rockers previous to that time. At the time of the 
writer's visit mining was in progress on claims between 3 and 7, and development 
work, consisting of stripping off the moss and muck, had been done on several 
others. On a claim about li miles from the mouth of the creek both sluicing 
and rocking were in progress. About 2i feet of moss and muck had been 
removed, exposing gravel consisting of angular fragments of graphitic schist and 
limestone. The gravel is reported to carry pay at this place to a depth of 4 or 
6 feet, below which it has not been tested, owing to the frozen ground. A width 
of 56 feet of pay gravel has been uncovered. Good prospects are reported to 
have been found in test pits 100 feet or more from the creek bed, indicating a 
greater width for the pay streak. About three-fourths of a mile above this mine 
a prospect hole through the gravel to a depth of 11 feet failed to reach solid bed 
rock. The gravel there consisted mainly of limestone pebbles. Although the 
surface covering of moss and muck had been removed, the pay gravel below it 
was still frozen in September. A layer of pay dirt a few inches thick thawed 
each day, and was shoveled into sluice boxes and rockers. The whole area that 
has been worked on the creek if put together would not exceed 100 feet square. 
The gold is comparatively coarse, as nuggets from 25 cents up are not uncx)mmon. 
These are usually rounded and dark colored. The largest nugget so far taken 
weighed over two ounces and was valued at $36. It was a well-rounded piece 
of gold, stained with iron. Mr. A. D. Nash, who controlled the freighting on 
the Noxapaga River and handled most of the gold from the creek, estimated that 
the creek produced $7,000 during the season of 1901. 

At the time of the writer's visit, in September, Boulder Creek carried a 
volume of water sufficient to run several sluice boxes. It will probably cany 
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sufficient water for sluicing in all ordinary seasons. Should hydraulic methods 
be adopted on this creek, water can probably be brought from Turner Creek in 
a ditch not over 5 miles in length. 

Near the Noxapaga, at the mouth of Turner Creek, a low, round hill, about 50 
feet high, rises above the level of the lowland. This low butte is similar in form 
to many others scattered over the lowland, and is the remnant of an upper gravel 
plain which has in part been removed by erosion. The edge of the upper plain 
is usually marked by a sharply cut escarpment, from which partly isolated points 
often project, showing the phases of transition between the isolated butte and 
the continuous gravel plain. The butte near Noxapaga consists maiiil}' of a dark 
deposit of impure peat mixed with layers of white sand. The peat contains 
trunks, bark, and limbs of spruce trees. The smaller branches are flattened 
})y pressure of overlying gravels. The la\"ers of white sand resemble sea-beach 
deposits, and suggest a driftwood origin for the peat. There is no spruce 
timber at present growing within the drainage of the Kuzitrin and Noxapaga 
rlvei^s. At the time of this deposition, however, the climate here was undoubtedly 
milder, as ifc» evidenced by the remains of the elephant and horse found in gravels 
of this period. At the base of the coal butte there is a large mineral spring from 
which carbonic acid escapes. The water is cold and resembles in taste that of 
soda springs, but no sample was taken for analysis. There is no connection 
between the spring and the coal butte, and their proximity is accidental. The 
peat has been tried with some suc<?ess as fuel for steam thawers, and the butte 
is staked as a coal mine. It may prove of some importance in the development 
of the mines of the vicinity. 

A number of creeks enter the Noxapaga River from the north, parallel to 
Turner and Bowlder creeks. These have been staked generally, and to some 
extent prospected. So far as is known to the writer, no mining has been done 
on any of them, with the exception of Goose Creek, a small tributary of the 
Noxapaga, 4 miles above Turner Creek. One man is reported to have mined 
continuously through the season on this creek. The writer was not able to visit 
the mines, and is indebted for his information in regard to the region to Mr. Lars 
Gunderson, recorder of the district. There is onl}^ one claim of importance on 
the creek. This claim was worked continuously, but the amount of gold obtained 
is not known. The bed rock is mica-schist and limestone. 

East of Goose C-reek the region between the Noxapaga and Kuzitrin rivers 
is reported to be covered with lava. This lava flow extends down to the Noxapaga 
River, and is found on the north side of the riv^er at a point about midway between 
Noxapaga and Goose Creek. At this point the lava overlies the Pleistocene gravels, 
which here overlie mica-schists exix)sed in the river banks. 



68 RECOKNAISSANCE OF NORTHWESTERN PORTION OF SEWARD PENINSULA. 

Southern tributaries of the Kuzitrin, — The creeks flowing into the Kuzitrin 
from the south side have not produced gold in commercial quantities; however, 
the writer was informed by a prospector that on Birch Creek some sluicing has 
been done. The pay gravel consisted mainly of decomposed granite, and the bed 
rock was also granite. The gold is probably derived from the rocks of the 
Kigluaik series. The mountains of the Bendeleben group are less rugged than 
the Kigluaik Mountains, and there has been little, if any, glacial erosion in them. 
If gold occurs in these rocks it is more likely to be concentrated in the gravels 
of the Bendeleben Range than in those of the Kigluaik Mountains. 



f^ 



■MP^iMd^^BBVM* ^ ^ 4* 



•^ «• -••4A«5SRia 



INDEX. 



Agiapuk lowland, description of 26, 41 

Agiapuk r^on, economic geology of ft6-69 

Agiapuk River, deflection of 42 

Allene Creek, economic geolog>' near 45 

rock expoflcd on 26 

Alluvial sands and gn^vels, occurrence of 28 

American River, economic geology of 57-59 

rocks exposed near 22 

Anikovlk River, bed rock near 48 

physiography of region adjacent to 50 

Arctic coastal plain, description of 25, 40 

Arctic region, economic geology of 51-53 

Arctic River, economic geology of 54 

Barnard, E. C, reference to 11 

Basalts, occurrence and character <»f 30-31 

Baskins, R., reference to 7 

Bluestone region, mining in 45 

Boulder Creek, economic geology of 66 

Brooks, A. H., cited 9,14,34,37,39,49 

quoted 47 

reference to 16.18.29,32,83 

Brooks Mountain, granite of 30 

limestone of, plate showing 18 

Brown, E., reference to 7 

Buck Creek, quartz on 48 

Budd Creek, bed rock on 58 

limestone on, plate showing 20 

Candle Creek, production of 43 

Cape Mountain, granite of 30 

limestone at 16 

structure of 38 

view of 38 

Coarse Gold Creek, economic geology of 63 

Coastal plain deposits, description of 25-26 

Coffee Creek, geology of 61-62 

Conical Hill, structure of 38 

Conrad, 8., reference to 7 

Correlation of formations, table showing 15 

Dahl Creek, economic geology of 61 

Pawson, G. M., cited 28 

Drainage, des(;ription of 13 

<ievelopment of 42 

Dynamic history, outline of 31-;« 

Ear Mountain, granite of 30 

origin of name of 9 

rocks comprising 20 

topographic features near 37 

views of 28,30 

Forest, J. G. de, reference to 7, 9, 10 



Page. 
Fossils of Kugruk group 22 

of Port Clarence limestone 20-21 

Garfield Creek , economic geology of 65 

Geography, discussion of 11-14 

Gertline, T. C, work in charge of 7 

reference to 8, 9 

Glaciation, extent of 28-29 

Gold, placer, distribution and wjuree of 43-44 

Goodall, E., reference to 7, 9 

Granite, outcrops of, plate showing 32 

platy structure in, plate showing 30 

Granitic and rhyolitic intrusives, occurrence and 

character of 29-30 

Grantley Harbor, nwks exposed at 18 

Grantley Harbor region, economic geology of 44-46 

Gravels and sands, occurrence of 28 

Greenstones, occurrence and character of 29 

Grouse Creek, economic geology of 49 

Harbors, description of 12 

Harris Creek, economic geology of 63 

Hefty. J. G., reference to 11 

Henry Creek, economic geology of 63 

Igloo Creek, Agiapuk region, economic geolc^y of 58-59 

limestone on, plate showing 22 

Igloo Creek, Grantley Harbor, mining on 46 

Igneous rock, occurrence and character of 29-31 

Imuruk Basin, description of 12 

Imuruk lowlands, description of 2(5, 40-41 

Inland basins, description of 26-27 

Itinerary , description of &-11 

Jose, A. H., aid by 27 

Kigluaik series, correlation of 15 

occurrence and" character of 16 

Kotzebue, O. von, reference to 12, 64 

Kotzebiie Sound, description of 12 

Kugruk group, correlation of . . . .-. 15 

limestone of, bedding and cleavage in, plate show- 
ing 22 

plate showing 20 

occurrence and character of 21-24 

Kugruk Mountain, rhyolite at 80 

rocks comprising 22 

Kugnik Plateau, description of 86-86 

Kugruk River, bed rock on 62 

economic geology of bwdn of 62-64 

greenstones on 29 

rocks exposed along 23 

K uzitrin lowland, description of 26-27, 41 



68 BE0ONNAI88AN0E OF NORTHWESTERN PORTION OF SEWARD PENINSULA. 

Southern tributaries of the Kuzitrin, — The creeks flowing into the Kuzitrin 
from the south side have not produced gold in commercial quantities; however, 
the writer was informed by a prospector that on Birch Creek some sluicing has 
been done. The pay gravel consisted mainly of decomposed granite, and the bed 
rock was also granite. The gold is probabl}' derived from the rocks of the 
Kigluaik series. The mountains of the Bendeleben group are less rugged than 
the Kigluaik Mountains, and there has been little, if any, glacial erosion in them. 
If gold occurs in these rocks it is more likely to be concentrated in the gravels 
of the Bendeleben Range than in those of the Kigluaik Mountains. 



m 



««■*( 



INDEX. 



Agiapuk lowland, description of 26, 41 

Agiapuk region, economic geology of .')6-69 

Aginpuk River, deflection of 42 

Allenc Creek, economic gwilogy near 4.'> 

rock expoflcd on . . . : 26 

Alluvial sands and gmvels, occurrence of 28 

American River, economic geologj* «»f 57-.'>9 

rocks exposed near 22 

Anikovik River, bed rock near 48 

physiography of region adjacent to 50 

Arctic coastal plain, description of 25, 40 

Arctic region, economic geolc^' of 51-63 

Arctic River, economic geology of 54 

Barnard, E. C, reference to 11 

Basalts, occurrence and character <»f 30-31 

Baskins, R., reference to 7 

Bluestone region, mining in 45 

Boulder Creek, economic geology of 66 

Brooks, A. H., cited 9, 14, 34. 37, 39, 49 

quoted 47 

reference to 16. 1m, 29, 32, 33 

Brooks Mountain, granite of 30 

limestone of, plate showing 18 

Brown, E., reference to 7 

Buck Creek, quartz on 48 

Budd Creek, bed rock on 5H 

limestone on, plate showing 20 

Candle Creek, production of 43 

Cape Mountain, granite of 30 

limestone at 16 

structure of 38 

view of 38 

Coarse Gold Creek, economic geology of 63 

Coastal plain deposits, description of 25-26 

Coflfee Creek, geology of 61-62 

Conical Hill, structure of 38 

Conrad, S., reference to 7 

Correlation of formations, table showing 15 

Dahl Creek, economic geology of 61 

Pawson, G. M., cited 28 

Drainage, des(rription of 13 

development of 42 

Dynamic history, outline of 31-;« 

Ear Mountain, granite of 30 

origin of name of 9 

rocks comprising 20 

topographic features near 37 

views of 28. 30 

Forest, J. G. dereference to 7,9,10 



PBge. 
Fosbils of Kugruk group 22 

of Port Clarence limestone 20-21 

Garfield Creek, economic geolc^y of 65 

Geography, discussion of 11-14 

Gerdine, T. C, work in charge of 7 

reference to 8, 9 

Glaciation, extent of 28-29 

(lold, placer, distribution and »oun*c of 43-44 

Goodall, E.. reference to 7, 9 

Granite, outcrops of, plate showing 32 

platy structure in, plate showing 30 

Granitic and rhyolitic intnisives, occurrence and 

character of 2»-30 

Grantley Harbor, rocks exposed at 18 

Grantley Harbor r^on, economic geology of 44-46 

Gravels and sands, occurrence of 28 

Greenstones, occurrence and character of 29 

Grouse Creek, economic geology of 49 

Harbors, description of 12 

Harris Creek, economic geology of 63 

Hefty. J. G., reference to 11 

Henry Creek, economic geology of 63 

Igl(K) Creek, Agiapuk region, economic geolc^y <»f 58-50 

limestone on, plate showing 22 

Igloo Creek, G rantley Harbor, mining on 45 

Igneous rock, occurrence and character of 29-31 

Imuruk Basin, description of 12 

Imuruk lowlands, description of 26, 40-41 

Inland basins, description of 26-27 

Itinerary, description of &-11 

Jose, A. H., aid by 27 

Kiglnaik series, correlation of 15 

occurrence and" character of 16 

Kotzebue, 0. von, reference to 12, 54 

Kotzebue Sound, description of 12 

Kugruk group, correlation of . . . .•. 15 

limestone of, bedding and cleavage in, plate show- 
ing 22 

plate showing 20 

occurrence and character of 21-24 

Kugruk Mountain, rhyolite at 30 

nK'ks comprising 22 

Kugruk Plateau, descripticm of 85-36 

Kugruk River, l>ed rock on 62 

economic geology of basin of 62-64 

greenstones on 29 

rocks exposed along 23 

Kuzitrin lowland, description of 20-27,41 

68 



II PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY. 

B 45. The present condition of knowledge of the geology of Texafl, by Robert T. Hill. 1887. 94 pp. 

B 53. The geology of Nnntueket. by Nathaniel Southgate Shaler. 1889. 55 pp.. 10 pis. 

B 57. A geological reconnai.ssance in soiithwosti'm Kanntus, by Robert Hay. 1890. 49 pp., 2 pis. 

B58. The glacial boundary in western Pennsylvania, Ohio, Kentucky, Indiana, and Illinoifi, by Geoi^ge Frederick 
Wright, with introduction by Thomas Chrcjwder Chain beriin. 1890. 112 pp., 8 pis. 

B 67. The relations of the traps of the Newark system in the New Jersey region, by Nelson Horatio Darton. 1890. X2 pp. 

B 104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 41 pp.; 4 pis. 

B 108. A geological reconnaissance in central Washington, by Israel Cook Russell. 1893. 108 pp., 12 pis. 

B 119. A geological reconnaissance in northwest Wyoming, by George Homans Eldredge. 1894. 72 pp., 4 pis. 

B 137. The geology of the Fort Riley Military Reservation and vicinity, Kansas, by Robert Hay. 1896. 35 pp., 8 pis. 

B 144. The moraines of the Mis.s<)uri Coteau and their attendant deposits, by James Edward Todd. 1896. 71 pp., 21 pis. 

B 158. The moraines of southeastern South Dakota and their attendant deposits, by James Edward Todd. 1899. 171 
pp., 27 pis. 

B 159. The geology of eastern Berkshire Couniy. MassachiLsetts, by B. K. Emerson. 1899. 139 pp., 9 pis. 

B 165. Contributions to the geology of Maine, by Henry S. Williams and Herbert E. Gregory. 1900. 212 pp., 14 pis. 

WS 70. Geology and water resources of the Patrick and Goohen Hole quadrangles in eastern Wyoming and western 
Nebraska, by George I. Adams. 1902. .% pp.. 11 pis. 

B 199. Geology and water resources of the Snake River Plains of Idaho, by Israel C. Russell. 1902. — pp., 26 pis. 

PPl. Preliminary report on the Ketchikan mining district, Alaska, with an introductory sketch of the geology of 
southeastern Alaska, by Alfred Hulse Brooks. iy02. 120 pp., 2 pis. 

PP 2. Reconnaissance of the northwestern porticm of Seward Peninsula, Alaska, by A. J. Collier. 1902. 70 pp., 11 pis. 

Correspondence should Ik? addressed to 

The Director, 

Unitei> States Gbolooical Survey, 

WAfiHINGTON, D. C. 






< 



LIBRARY GATALOQXIE SLIPS. 

[Take this leaf ont and paste the 8eparate<1 titles upon three of your catalogrue 
cards. The first and second titles need no addition; over the third write that 
subject under which yo\i would place the Ixiok in your library.] 



United States. Department of the interior. ( V. S. geological mirvey. ) 



De- 



Professional Paper No. 2 Series/ ^»^^"J^":».^^ ^^""^^^^ J? 

' IB, Descnptive geology, 21 

partment of the interior | United States geological survey | Charles 
D. Walcott, director | — | A | reconnaissance | of the | northwest- 
ern portion of Seward Peninsula, Alaska | by | Arthur J. Collier | 
[Vignette] | 
Washington | government printing office ) 1902 

4°. 70 pp., 11 pis. 



ColUer (Arthur.!.). 



P 



De- 



e partment of the interior | United States geological survey | Charles 

a D. Walcott, director | — | A | reconnaissance | of the | northwest- 

ern portion of Seward Peninsula, Alaska | by | Arthur J.Collier 
[Vignette] | 
Washington | government printing office ) 1902 
A^. 70 pp., 11 pis. 



Vroie^on.^ Paper No. 2 Serie«{^. F^^--;^^^^. 19 | ^ 

partment of the interior | United States geological survey | Charles 
^ D. Walcott, director | — | A | reconnaissance | of the | northwest- 

p eni }x)rtion of Seward Peninsula, Alaska | by | Arthur J. Collier | 

5 [Vignette] | 

Washington | government printing office | 1902 
40. 70 pp., 11 pis. 

in 



.1 



it.^-. 



ProhnioiuU Paper N^ 3 



DKl'AKTMKNT OF THK ISTKKIOK 
UNITKI) 8TATES (iKOLOdlCAL SURVEY 

CHARLES 1). WAL<'<ITT. licmxTOU 



THK 



GEOLOGY AND PETKOGRAPHY 



CRATER LAKE NATIONAL PARK 



JOSEPH SILAS DaLEB and HORACE BUSEHELL PATTOK 




WASHINGTON 

GOVKKNMEXT PRINTING OFFICE 



CONTENTS. 



Page. 

IxTRODLXTiox, bv Joseph Silas Diller 5 

Part I. The geology of Crater I^ke National Park, by Joseph Silas Diller (Pis. I-XIII) 11 

Part II. The petrography of Crater Lake National Park, by Horace Bushnell Patton (Pis. 

XIV-XIX) 63 

'ndex 165 

3 






INTRODUCTION 



By JosKPH Silas Dillrr. 



Twenty years ago Cmter Lake was unknown to the general public, but since 
then a knowledge of its remarkable features has been spread abroad through the 
press, and Congress recognized its worth as an educational feature and made it a 
national park by the act approved May 22, 1902. 

As defined in the bill, the park is ''bounded north b}^ the parallel forty -three 
degrees four minutes north latitude, south by forty-two degrees forty -eight minutes 
north latitude, east by the meridian one hundred and twenty -two degrees west longi- 
tude, and west by the meridian one hundred and twenty-two degrees sixteen minutes 
west longitude, having an area of two hundred and forty-nine square miles.'' 

The Ashland sheet of United Stjites (leological Survey, on the scale of 4 miles to 
1 inch, includes the area lying l>etween meridians 122^ and 123^ and pamllels 42^ and 
43^. This map includes the region between Ashland and Crater Lake. On account of 
the great scientific interest of Crater Lake a special map, known as the Crater Lake 
special sheet, was prepared on the scale of 1 mile to an inch, including the country 
immediately adjacent to Crater Lake, between meridians 122^ and 122^ 15' and par- 
allels 42° 50' and 43^ 4'. From these two maps the accompanying map of the Crater 
Lake National Park (PI. I) has been prepared. 

The two papers published here refer practically to the whole region included 
in the National Park. The one. Part I, treats primarily of the geology, the devel- 
opment of the great volcano. Mount Mazama, and its collapse, which gave birth to 
Cmter Lake; the other. Part II, deals with the petrography, and gives a special 
description of the various rocks occurring in the park. 

Orltjln of the nam*' Monnt Mazama^, — A great impetus to the spread of infor- 
mation concerning Crater Lake was given by the Mazamas of Portland, Oreg., who 
held a meeting at the lake in August, 1896, which attracted many visitors. Theprin- 



"An account of the discovery of Crater T^ike and reference to its literature will be found in Mazama. Vol. I, No. 2, 
Cratt^r Lake number, 1H97: National Geographic Magazine, Vol. VIIl, p. 33, and the Annual Report of the Smithsonian 
Institution for 1897, p. 369. 

5 
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cipal features in the history of the lake had previously been made out, and the 
Mazamas, recognizing the fact that the great peak which was nearly destroyed in 
preparing the pit for the lake had no name, gave it the name of their own society. 
Upon the rim of the lake are a number of small peaks, each having its own designa- 
tion. The term Mount Mazama refers to the whole rim encircling the lake. It is 
but a mere remnant of the once lofty peak, the real Mount Mazama, which rose far 
into the region of eternal snow. To get a basis for reconstructing the original 
Mount Mazama it is necessary to study in detail the structure and composition 
of its foundation, now so attractively displayed in the encircling cliflFs of Crater 
Lake. 

ROUTES TO CRATER I^KE. 

Crater Lake is deeply set in the summit of the Cascade Range, about 65 miles 
north of the California line. It can be reached only b}' private conveyance over 
about 80 miles of mountain roads from Ashland or Medford, on the Southern Pacific 
Railroad, in the Rogue River Valley of southern Oregon (see fig. 1, p. 18), or from 
Ager, on the same railroad, in northern California, by way of Klamath Hot Springs 
and Klamath Falls. 

Rogue River Valley marks the line between the Siskiyou Mountains of the 
Klamath group on the west and the Cascade Range on the east. The journey from 
the railroad to Crater Lake affords one a good opportunity to observe some of the 
most important features of this great pile of lavas. The Cascade Range in southern 
Oregon is a broad iri'egular platform, terminating rather abruptly in places, especially 
at the western border, where the underlying Cretaceous and Tertiary sediments 
come to the surface. It is surmounted by volcanic cones and streams of lava, which 
are generally smooth, but sometimes rough and rugged. The cones vary greatly 
in size and are distributed without regularity, a feature which is well illustrated in 
PI. U. The photograph was taken across the western edge of Crater Lake. The 
sharp peak on the right is Union Peak and in the distance is Mount Pitt. Each 
conical hill has been an active volcano. The fragments blown out by violent 
eruption have fallen about the orifice from which they issued and built up cinder 
cones. From their bases have spread streams of lava (coulees), raising the general 
level of the country between the cones. At some vents many eruptions, both 
explosive and effusive, have built up large cones, like Pitt, Shasta, and Hood. 
Their internal structure is revealed by the walls of the canyons carved in their 
slopes, and they are found to be composed of overlapping layers of lava and volcanic 
conglomerate. This tj^pe of structure is well illustrated in the base of Mount 
Mazama. 

The Dead Indian route from Ashland. (>reg, — The journey from Ashland 
by the Dead Indian road crosses the range where the average altitude is less 
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than 5,000 feet, and affords a fair view of the low part of the range traversed 
by the Klamath River. A much better general view of the larger features of 
the range, and especially of the Crater Lake region, may be obtained from 
Mount Pitt (elevation 9,760 feet), which lies within a two days' trip from this 
road at Lake of the Woods. The road skirts Pelican Bay of Klamath Lake, 
famous for its fishing, and after running northward for about 20 miles along the 
eastern foot of the I'ange it ascends the slope along the canyon of Anna Creek 
to the rim of Crater Lake. 

The Klamath Falls rmite from A(j<fr^ Cah — The approach from the east may 
be made also by a longer route, leaving the railroad at Ager, Cal., and traveling 
by stage road along the Klamath River, through the Cascade Range to Klamath 
Falls and Fort Klamath, from which point Crater Lake is only 20 miles distant 
by way of the Anna Creek road, already noted. The older tilted lavas of the 
Cascade Range dipping to the east are well exposed on this route at many 
points along the Klamath River road between Ager and Klamath Hot Spring.^ 
Across the edges of these lavas, nearly 1,000 feet above the present river bed, 
is an ancient wide valley of the Klamath River, associated with gentle topographic 
relief at higher levels. Later lavas have crossed the range in this wide old valley 
and the Klamath River has cut a deep canyon in them. Within this young can- 
yon, north of Bogus post-office, there has been a volcanic eruption, forming a dam 
across the Klamath and a consequent ponding of the river, in which a mass of 
white diatom earth was formed. The products of this eruption are much younger 
than any others known to the writer in the neighboring portion of the Cascade 
Range. 

The Rogve River rmite frmn Medford^ Oreg, — From Medford the road by 
way of Rogue River, although 75 miles in length, is somewhat the shortest route. 
It affords some line views of the canyons and rapids of that turbulent stream 
and of the high falls, where it receives its affluents, especially Mill Creek, below 
Prospect. A few miles below the mouth of Union Creek is a remarkable natural 
bridge of lava, but some distance from the main road. Striking features along 
the roads on both sides of the mountain, within 20 miles of the lake, are the 
plains developed upon a great mass of volcanic detritus filling the valleys. 
Across these plains Anna Creek and Rogue River have carved deep, narrow 
canj^ons with finely sculptured walls, which the roads follow for some distance. 

The main road, whose grade is in general very gentle, crosses the summit 3 
miles south of C'rater Lake, and from the western slope near this point the crest 
of the rim is reached by a road with several heavy grades. There are good 
camping grounds with plenty of pasture on Castle Creek lieyond the forks of the 



a This celebrated health resort has a k^mkI hotel, tine 8<>enery, hunting, and flshing. 
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road and within 2i miles of the lake. At the end of the road, on the rim of 
Crater Lake, the camping places are fine, but pasture and water are not so 
abundant nor so easily obtained. There are as yet no hotels nor permanent 
accommodations for travelers at the lake, but during August and September, the 
most favoi-able months for visiting the lake, temporary accommodations should be 
provided and travel enooumged. 

FiXCURSTOXS AKOITT CRATKU T.AKB. 

By far the most impressive and, to the geologist, most important trip about 
Crater Lake is })y boat from Eagle Cove along the westc^rn and northern shore 
of the lake to Cleetwood Cove and Rugged Crest, returning by way of the crater 
capping the cinder cone in Wizard Island. It can be made in a day, but may 
require hard rowing. The rare opportunity of traveling about in the interior of 
a volcano could hardly be anything else than intensely interesting. The descent 
by the trail and cruise along the shore disclose the alternately overlapping sheets 
of andesitic lava and conglomerate of which the rim is composed. These are cut 
by dikes — a prominent one is at Devils Backbone, and smaller ones occur beneath 
Llao Rock. Some of these are andesite, but others dacite. The great flow of 
Llao Rock, over 1,2()0 feet thick in places and tapering to thin edges on the 
sides, is dacite. It is younger than the andesites of the rim and fills an old 
valley. At Pumice Point layei*s of pumice and streams of dacite overlie platy 
andesite which was glaciated before the dacites were erupted, and at Cleetwood 
Cove is seen the inflowing dacite from Rugged Crest and the caved-in lava tunnel 
to the northward. The latest flow of the rim is the tuffaceous dacite along the 
northeast crest from Pumice Point to the Wineglass, but later even than this is 
the excellent example of a little volcano which forms Wizard Island, with its 
cinder cone capped by a perfect crater summit, marking the vent from which the 
cinders were blown. From the island and the boat the glacial notchas in the 
southern rim of the lake and the dacite flows of Cloud Cap and the eastern rim 
may be seen to greatest advantage. 

The most instructive day's walk from the rim camp (Camp 1 on map), but a 
lather hard one, is along the western crest to Llao Rock. Glacial stria* are best 
displayed along this portion of the innh Ande^sites are exposed all the way to the 
Llao Rock flow, which near the edge may be examined both al)ove and below. 
The inflow of Cleetwooil Cove is clearly visible from a distance, and an excellent 
view of the crest of the Cascade Range may be obtained. 

Those who may wish to make a camping trip around the lake are advised to take 
a pack train and devote a number of days to the trip, as the distance around the crest 
of the rim is over 20 miles and over much of the route traveling is diflicult. There 
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is no definite horse trail around the rim, but a piuctieal pack route, with camping 
places indicated by numbers, is marked upon the map (PI. I). 

The canyon of Sun Creek is difficult to cross, as its western wall is precipitoua. 
Near the notch there is pasture and good camping, but lower down, where the trail 
crosses, feed and water are scarce. At Camp 2, on the west fork of Sand Creek, there 
is plenty of both. Camp 3 has many attractions besides the fine firs and flowers. 
The greiit cliffs are inspiring, and the rustling of numerous little cascades gives a life 
to this inclosed camp that is not to be found elsewhere about the lake. 

The ascent of the east side of Sand Creek Canyon is steep and somewhat difficult, 
but the fine views of the lake from the eastern rim in the morning abundantly pay 
for the special exertion necessary to attain them. 

Camp 4 has some pasture and snow water. Beneath the large cliffs just north of 
the camp water was obtained for the animals. To the northeastward about 8 miles, 
in the line of the canyon heading at (^loud Cap, are fine springs and a cascade 50 
feet in height. There is considerable pasture here, but on the whole the place is less 
inviting for camping than locations close to the crest. From this camp the descent 
to the lake may easily be made at the '' wine-glass "-shaped slide of Grotto (Jove. 

At the head of Cleetwood Cove the crest is very rugged and somewhat difficult 
to cross with animals, but elsewhere travel along the noithern rim of the lake is 
easy. Near the foot of Red Cone there is good camping by a spring. At many 
points along the lower slope of the western rim of the lake there are fine ciimps, 
plenty of grass, wood, and water, but in the past the sheep have greatly injured the 
pasture. Near the crest cliffs and rough talus slopes make traveling difficult and 
dangerous for animals. The easy and safe but longer route lies west of the cliffs 
to Camp 6, which is the main pasture camp of the region, with fine water. 



P^RT I 



THE GEOLOGY OF CRATER LAKE NATIONAL PARK 



Bv JOSKPH SILAS DILLER 



11 



C .N T K N T S F V A H T 



Page. 

IntrfKliK^tion 17 

CaFcaile Kan^^^ 17 

LiinitA 17 

Foundation 17 

PkKrene history 19 

Mioirene hist^iry 20 

Union Peak 20 

Mount ThielHon 20 

Mount Mazaina 21 

General features 21 

Lavas 23 

Andesites 28 

Watchman area 25 

Castle Creek area 25 

Munnon Point area 25 

Union Peak area 2H 

Eagle CragH area 26 

Dutton (.Miff area 27 

Sentinel Rock area 27 

Round Top area 28 

Steel Bav area 2t) 

Wizard Island 29 

Andesitic dikes IM) 

Basalts 31 

Timber Crater flow 82 

Desert Cone and Red Cone flows 82 

Bal<l Crater flow 88 

Crater Peak flow 88 

( )ther flows ;i4 

Dacites '. 'M 

Sun Creek flow lii 

(;ioud Cap flow ;i5 

(irouse Hill flow m 

Llao Rock flow m 

Wineglass flow 87 

Cleetwood Cove flow 8h 

Dacitic dikes 39 

Dacitic pumice 39 

13 



14 COKTENTS OF PAST I. 

Mount Ma»ama — Continiied. fage. 

Gladation 41 

Original condition 44 

Development 45 

Defltmction of Mount Mazauia and formation of the caldera 46 

Crater Lake 60 

Temperature 50 

Changes of water level 53 

Evaporation 57 

Inflow 50 

Outlet 60 



ILLUSTRATIONS IN PART I. 



Page. 

Plate I. Map of Crater I^ke National Park 17 

II. Cones on summit platfonn of Cascade Ran^ 18 

I II. A, Union Peak; /?, Rim of Crater Lake at*ross canyon of Anna Creek 20 

IV. Panoramic view of Crater Lake 22 

V. Western border of Crater Lake, Victor Rock to Llao Roc^k 24 

VI. Geological map of Mount Mazama and Crater Lake National Park 26 

VIL J, Inner slope of Glacier Peak; B, East Palisade 28 

VIII. J, Devils Barkl)one; B, Wizard Island 30 

IX. Ay Llao Ro(*k; B, Flow of tuffaceous dacite east of Pumice Point 36 

X. .1, Valley of caved-in tunnel; Bj Cleetwoo<l Cove flow 38 

XI. Jointed tuff of Anna Creek 42 

XII. J, Mount Mazama restored; Bj Rim of Crater Lake 44 

XIII. Af Water gage, Crater Lake; B, Raft and evaporating pan 54 

Fig. 1. Map showing routes to Crater Lake 18 

2. Thermometer and attachments used at Crater Lake 51 

15 



^J* 



t 



J. S.OEOLOCiCal survev 




\1 NL\/\\I\ \M ! \tl 1 1 \1 I N\ll 'N\i I \l 1 II A 

&h wins tl 'J n h n i j ti « re U h J 1 U ij nl> 









□ ' Ttimi<.>wiu illU'llr 
D l)ai-iu> 

B IlBHHlt 



THE GEOLOGY OF CRATER LAKE NATIONAL PARK. 



Bv Joseph Silas Diller. 



I ]srrRoi> ircTiON . 

Thf geological record of this country from the earliest epochs to the present time 
is replete with volcanic phenomena, but the climax appears to have been reached in 
the eurlier portion of the Neocene, when one of the largest known volcanic fields of 
the world was vigorously active in our Northwestern States. This area of volcanic 
activity stretc^hes from the Rocky Mountains to the Pacific, embracing a large part 
of Wyoming, Montana, Idaho, Washington, Oregon, and California, and presenting 
a great variety of volcanic phenomena concerning which, notwithstanding a copious 
literature, there has been as yet but a small amount of detailed investigation. 

The centml feature in the geology of the Crater Lake National Park is the 
wreck of Mount Mazama, and in order to describe this more cle^arly, it is nece^ssary 
to consider briefly the geneml relations of the Cascade Range. 

C^A8CA1>K UANCiE. 
LIMITS OP THE CASCADE RANGE. 



The western limit of the great volcanic field is likewise the western lx)rder of the 
Casirade Range, which is made up at least largely, if not wholly, of v^olcanic material 
erupted from a l>elt of vents extending from northern California to central Wash- 
ington. Lassen Peak marks the southern end of the Cascade Range, and Mount 
Rainier is near the northern end. Beyond these peaks the older rocks rise from 
beneath the range and form prominent mountains, the range itself occupying a 
depression in these older terianes. 

FOUNDATION OF CASCADE RANGE. 

A clearer conception of the development of the Cascade Range may be gained by 
considering the geography of the region during the later portion of the Cretaceous. 
At that time the coast of northern California, Oregon, and Washington was subsid- 
ing with reference to sea level, causing the sea to advance upon the land. In Cali- 
9255— No. 3—02 2 17 
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fornia the »<» reached the we»tern Ijase of the Sierra Nevada and covered a larjife 
part, if not the whole, of the Klamath Mountains. In Washinjy^on it }>eat upon the 
western Imne of the mn^e near the coa^st north of Mount Itainier, and in Oregon it 
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extended far into the interior. Marine deposits of thiis period ocvur along the l>ase 
of the Blue Mountains in eastern Oregon, as the Cascade Range did not then exist in 
Oregon to shut out the open sea from that region. East of the Klamath Mountains, 
as shown by the ix)sition and distribution of the Cretaceous rocks and fossils of 
marine origin, the open sea connected directly with the sea in the Sacnimento Valley. 
The Cascade Range throughout a large pait of its extent rests upon (.'retaceous roc'ks, 
and is jissociated in Oregon and California with a depression in the older rocks 
>>etween the Klamath Mountains on the one hand and the Blue MounUiins and Sierra 
Nev^ada on the other. This depressed area beneath the lavas of the Cascade Range 
must not l>e regarded primarily as a region of subsidence, as its chief movement 
since the Cretaceous has been upward, above the sea. The Klamath and Blue moun- 
tains, as well as the Sierra Nevada, however, have been elevated so much more than 
the base of the Cascade Range that it would appear on the surface as a depression 
were it not filled with lava. The depression is so deep where the Casca<le Range is 
cut across by the Klamath and Columbia rivers that the bottom of the lavas forming 
the bulk of the mnge is not reached. However, at the ends of the i-ange the older 
rocks rise to form a more or less elevated base for those parts of the range, and at 
Mount Shasta, as well as on the divide between the Rogue and Fmpqua rivers where 
an arch of the older rocks extends northeasterly from the Klamath Mountains toward 
the Blue Mountains of eastern Oregon, the Cascade Range gets so close to the west- 
ein side of the depression that the lavas lap up over the arch of older rocks rising to 
the westward. At various points of the range gmnolitic rocks, such as gabbro and 
diorite, occur; })ut the deep erosion at these points may have reached the granolites 
corresi)onding to the lavas of the up|>er portion of the range. 

EOCENE HISTORY OF CASCADE RANGE. 

There can be no reasonable doubt that fossiliferous Cretaceous rocks of 
marine origin are widely distributed beneath the Cascade Range from Lassen Peak 
to the Columbia, and that during the Chico epoch the whole area was beneath 
the sea. At the close of the Oetaceous, imj:K)rtant changes occurred in the dis- 
tri})uti()n of land and sea. Northern California, as well as southern Oregon, was 
raised a}»ove the sea exce])ting the Coast Range region north of Rogue River, 
whi(*h remained beneath the sea during the early part of the Tertiary. The 
marin<' deposits of the Eocen(» i)eriod in the vicinity of Roseburg run under the 
Cascade Itangc, but have not yet been found on the eastern side. The con- 
glomenites of the Eocene, like those of the Cretaceous, contain many pebbles of 
igneous rocks, but they are of types common to the Klamath Mountains and are 
mre or unknown among the lavas exposed in the Cascade Range. During the 
Eocene there was vigorous volcanic activity'' in the Coast Range of Oregon, but the 

"Seventeenth Ann. Kept. V. S. Geol. Survey, Part 1, 189(>. p. 456. 
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record of such activity has not yet been found in the Cascade Range. That vol- 
canoes were active along the range during the Eocene is rendered more probable, 
although not yet beyond question, by Dr. J, C. Merriam's discovery of Eocene 
volcanic deposits in the John Day region." 

MIOCENE HISTORY OF CASCADE RANGE. 

There can be no doubt, however, that during the Miocene'^ the volcanoes of 
the Casc^ade Range were most active and the greater portion of the mngc was built 
up, although it is equally certain that volcanic activity continued in the same 
region at a number of points almost to the present time. While it may be sur- 
mised that the volcanoes of the Cascade Range are extinct, there are many solfa- 
tai*as, hot springs, and fumaroles, showing that volcanic energy is not yet wholly 
dissipated. All the peaks of the Cascade Range were ont^e active volcanoes, and 
from them came most of the lava of the range. Each great volcano was surrounded 
within its province, at least during the later stages, by numerous .smaller vents 
from which i.ssued the lava that tilled up the intervening spaces and built up the 
platform of the range. 

All of the great volcanoes of the range probabl}^ had their beginning in the 
Miocene. Many of them, like Lassen Peak and Mount Shasta, continued their 
activity into the Glacial epoch, and have suffered much erosion since their last 
eruptions. In this manner important structural differences have been brought to 
light among the peaks about the headwaters of the Umpqua, Rogue, and 
Klamath rivers, and these may be noted as throwing some light upon the history 
of Mount Mazama. 

UKION PEAK. 

Union Peak (elevation 1,881 feet) is on the summit of the Cascade Range, in 
Oregon, about 50 miles north of the California line and 8 miles southwest of Cmter 
Lake. It is a sharp, conical peak (PI. Ill, A) rising about 1,400 feet above the 
general level of the crest of the range. About the l)ase upon the east and west 
sides, as well as upon its summit, are remnants of the original tuff cone, but the 
mass of the peak exposed on all sides is of solid lava. The molten material did 
not sink away after the final eruption. The volcanic neck resulted from the 
cooling of lava within the cinder cone in the top of the volcanic chinmey. 
Union Peak to-day shows us the neck stripped of its cinder cone. 

MOUNT TlllEL^EN. 

Mount Thielsen (elevation 9,250 feet), the Matterhorn of the Cascade Range, 
is 12 miles north of Crater Ijake and rises about 2,000 feet above the general 



"Bull. Dept. Oeol. Tnlv. California, Vol. 11, No. 9, p. 285. 

e» Twentieth Ann, Kept. U. 8. Oeol. Survey, Part III, 1900, p. 32. 
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level of the crest of the range. It is built up of bright-red, yellow, and brown 
laj'ers of tutf, interbedded with thin sheets of lava, and is cut b}' a most interesting 
network of dikes imdiating from the center of the old volcano. No trace of a 
volcanic neck is present — the peak is but a remnant carved out of the lava and tuflf 
cone surrounding the vent. After the final eruption the molten material withdrew 
from the cone before consolidation, so as to leave no volcanic neck corresponding 
to that of Union Peak. The subsidence within the chimnev of Mount Thielsen 
after eruption must have been over i,0(K) feet, for the sheets of Uiva -effused 
from that vent reach more than l.(X)0 feet above the exposed throat of the old 
volcano. 

MOUNT MA.ZAMA. 

On the rim of Crater Lake there once stood a prominent peak to which the 
name Mount Mazama has been given. Mount Mazama is practically unknown to 
the people of Oregon, but they are familiar with Crater Lake, which occupies the 
depression that resulted from the wreck of the great peak. The remnant of 
Mount Mazama is most readily identified when referred to as the '* rim of Crater 
Lake." The wrecking of Mount Mazama was the crowning event in the volcanic 
history of the Cascade Range, and resulted from a movement similar to that just 
noted in Mount Thielsen but vastly greater in its size and consequences. This 
volcanic activity culminated in the development of a great pit or caldera, which for 
grandeur and beauty rivals anything of its kind in the world. 

GENERAL FEATURES. 

The rim encircling Crater Lake, when seen from a distance from any side, 
appears as a broad cluster of gently sloping peaks rising about 1,0()() feet above 
the general crest of the range on which they stand. A good view is obtained 
from the road along Anna Creek, where the southern portion of the rim appears 
as shown on PI. Ill, B. Here Castle Crest and Vidae Peak are the most prominent 
features, with the canyon of Anna Creek in the foreground. The topographic 
prominence of Mount Mazama can l)e more fully realized when it is considered that 
it is close to the head of Rogue, Klamath, and Umpqua rivers. These are the onl}'^ 
large streams breaking through the mountains to the sea between the Columbia and 
the Sacramento, and their watershed might be expected to be the principal peak of 
the Cascade Range. 

To one arriving by the road at the crest of the rim, the lake in all its majestic 
beauty (PI. IV) appears suddenly upon the scene, and is profoundly impressive. 
The eye beholds 20 miles of unbroken cliffs, the remnant of Mount Mazama, 
ranging from over 500 to nearly 2,000 feet in height, encircling a deep, blue sheet 
of placid water in which the mirrored walls vie with the original slopes in brilliancy 
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and greyly enhanc*e the depth of the procfpeet. The lake i?* ahoot 4i mile?* wide 
and ^ milen lon^. with an area of nearly '2f>k square mile?*. 

From the wrxxied nlope a nhort di.^itanc^ within the rim at Vit-tor Ro4'k« an px<t»l- 
lent general view of the lake may ^M* obtained. The tir>*t pr>int to «-atch the ey*- !•• 
Wizard Inland, lying nearly 2 raile» away, n^sir the we>tem margin of the lake. It* 
irregular wentem edge and the steep Ymt symmetrical truncated cone in the pa.-tem 
portion are very suggestive of volcanic origin. We can not. however, indulge our 
firnt impulse to go at once to the island, for the varioa** feature> of the rim an* of 
greater importance in unraveling the eariier stages of its geok>gical history. 

On the left is the western Viorder of the lake shown in PI. IV. with the Watch- 
man, (fla^'ier Peak, and Devils Backbone opprjnite Wizard Island, and Llao Rock 
lievond. These features, with Victor Rrx-k in the forejrround ia-^tead of the Watch- 
man, are much more clearly shown in PI. V, frrmi an exirellent photograph by Mr. 
Cunningham. On the right is the southern ^x)rder of the lake. Castle Crest* Ken- 
Notch, Scott Peak, Sentinel Rock, and Cloud Cap appear in the dLstani*e along the 
rim. The boldest part of the southern rim is cut off from this view by Castle Crest. 
A more complete general idea of Crater I^ake and it-* surroundings may \^ obtained 
from the map, PI. VI. The broad, gentle outer slope, with an inclination ranging 
from 10 to 15% Is in strong contrast with the abrupt inner slope, with it-* many 
cliffs. This difference is well expressed by the relative position of the <-ontours 
in the map. The vertical inter\'al of the contours is loo feet. On the inner slope 
the contours are crowded close together to show an incline so steep that »>ne needs 
to travel but a short way tr> descend lOi feet, while on the outer slope the i-ontours 
are so far apart that one needs to travel a considerable portion of a mile to des<-end 
the same distance. The outer slope at all points is away from the lake: and as the 
rim riM*s at least a thousand feet above the general level of the crest of the range it 
is evidently the basal portion of a great hollow cone in which the lake is contained. 

In addition to the strong contrast between the outer and inner slopes of the 
rim the map shows the wcurrence of a number of small cones on the outer slope 
of the great cone. These adnate cones have peculiar signifii'ance when we come 
Ut cjonsider the volcanic rocks of which the region is compased. The rim is 
riblied by ridges and spurs radiating from the lake, and the head of each spur 
is marked by a prominence on the crest of the rim. The variation in the altitude 
of the rim crest Is 1,4^>() feet, with seven points rising alK)v«» sjhm> feet. The 
crest generally is passable, so that a pedestrian may follow it continuously around 
the lake, with the exception of short intervals on the southern side where the 
sharpest portion of the rim occurs in Castle Crest. At many points around the 
rim of the lake the best route Is on the inner side, where the open slope, generally 
well marked with deer trails over beds of pumice, affords an unol>structed view 
of the majestic sheet of water. 
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The best way to get a comprehensive view of the base of Mount Mazama is 
to travel around the crest of the rim, but the structure is seen to greatest advantage 
from a boat on the lake. 

LAVAS OF MOUNT MAZAMA.a 

There are three types of lavas in Mount Mazama — andesites, dacites, and 
basalts — and their areal distribution is i^epresented on the accompanying map 
(PL VI). The immediate rim of the lake is made up wholly of andesites and 
dacites, chiefly the former; the basalts are limited to the outer slope. They came 
from the smaller vents around the base of the larger cone. 

The theory of magmatic differentiation, so ably advocated by Professor Iddings 
and others in this country to explain diflferences in lavas erupted from the same 
volcanic center, accords well with the course of events in Mount Mazama. Its 
eruptions began with and long continued to be composed of lava having interme- 
diate composition. This lava was followed first by less siliceous lava, the basalt 
from a number of small vents on the flanks of the great volcano, and finally by the 
dacites, which closed the petrographic cycle. It is possible that the basalts and dacites 
may have been in part contemporaneous, but the last eruption from the great moun- 
tain was of dacite. Then came the great engulf ment, and a new petrographic cycle 
began with the andesite of Wizard Island. 

ANDESITES. 

Andesites constitute by far the greater portion of the lavas of Mount Mazama. 
A rough estimate makes their volume at least ten times the combined volume of the 
dacites and basalts. They form almost the whole of the inner slope of the rim, 
where the overlapping sheets of successive flows appear in section in their order 
of eruption, from the earliest to the latest. Flows lying at a depth of nearly 
2,000 feet beneath the mountain slope are seen, but a much larger amount of flows 
still deeper is unexposed. Were it possible to remove the water of the lake, the 
thickness of the exposed lava would be nearly doubled, and there is no evidence 
to show that its character is very different from that which now outcrops by the 
water's edge around the lake. However, at still greater depths there probably occur 
Tertiarj' and Cretaceous sediments resting on older rocks similar to those of the Kla- 
math Mountains. Hornblende- and mica-andesites, which are commonly associated 
with the hypersthene-andesites of the great volcanic centers of the Cascade Range— 
as, for example, Lassen Peak, Mount Shasta, and Mount Hood — have not been found 



«The rock specimena collected In the vicinity of Crater I^ke have been studied by Prof. H. B. Patton. and arc 
described in detail in the second part of this paper. The numbers used in both papers refer to the same collection. 



24 GEOLOGY OF CRATER LAKE NATIONAL PARK. 

in Mount Mazania. Traces of hornblende were observed in only two of the hyper- 
sthene-andesites collected; one of the^^e is a massive sheet nearly 1(X) feet thick alonjr 
the trail near the point where it begins the descent to the lake (44)/' and the other 
is a gray lava (45) on the 8loi>e of ("astle Crest. 

The oldest flows exposed on the southwest side of the lake arc represented by 
specimens Nos. 24, 61, 11, and 163. They are overlain by many streams which succes- 
sively issued and spread from the summit or upper slopes of Mount Mazama. The 
flows vary greatly in size and number in different portions of the rim. In places as 
many as 30 superimposed la3'ers, mixed with many beds of f ragmental material, make 
up the wall of the rim. The largest number of flows exposed in one section occurs 
about Sun Creek Notch. Man}^ flows are 80 to 40 feet in thickness. Under Castle 
Crest nearly a score appear in this steep slope, and they range from 30 to 80 feet in 
thickness. Between many of them are layers of volcanic conglomerate, which are 
usually thin, and, being softer, less prominent. In the western rim flows are not so 
numerous, and conglomerate was estimated to form about one-fourth as large a 
mass as the solid lava. More fragmental material appears to have accompanied the 
earlier than the later flows, and on the whole there is a larger proportion in the rim 
at the head of Anna Creek than elsewhere. In the Eiast Palisade (PI. VII, B) the 
thickest flow of andesite is well exposed. It is cut by many joints, reaches more 
than halfway from the water to the crest of the run, and has a thickness of ne^irly 
500 feet. 

The thickness of any flow upon the mountain slope depended chiefly upon the 
amount of lava, its liquidity, and the inclination of the surface over which it flowed. 
Many of the sheets are uniformly thin. They follow the outer slope for consid- 
erable distance, and indicate a moderate supply of lava that flowed easily. Other 
flows, as that of the Palisades, filled valleys in the outer slope of Mount Mazama 
and varied greatly and abruptly in thickness, becoming very thin on their edges. 
The thickest of all the flows, however, is the great dacite flow of Llao Rock, which 
is over 1,200 feet thick over the middle of an old valley. The material was evi- 
dently very much less fluent than the andesites, for the flow, although thick, is short 
and narrow. 

In distribution the andesites on the outer slope of the rim are divided into 
ten areas, and each may be designated by some contained feature, as The Watchman, 
Castle Creek, Munson Point, Union Peak, f^gle Crags, Dutton Cliff, Sentinel Rock, 
Round Top, Bear Creek, and Steel Bay. All these areas are practically joined by a 
complete ring of andesite exposed upon the inner slope of the rim of the lake. In 
addition to these areas ai*ound the rim is Wizard Island, which is also composed of 
andesite. 



a The rock collection to which the uumbeni refer i.«* in the Natioiml Muflcum, Washington, O. C 
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WATCHMAN ANDBBITB AREA. 



The area of which The Watchman is part contains a numlier of separate flows, 
but upon the map they are not distinguished. They are particularly well expased 
by numerous cliffs, but in much of the area they are covered by glacial material. 
Although the flows are much alike when compared with one another, there is consid- 
erable variation within each flow. The holocrystalline gray forms, like No. 00, pass 
into the type like No. 6 — dark, porous, soft, and crumbly, but rich in amoi*phous 
matter — and No. 26, which is decidedly vitreous. The composite character of the 
flows may be best seen upon the inner slope, where their sections are exposed. The 
andesites are generally gray, and may be reddish. They are seldom as vitreous as 
No. 26. No. 60 has a decidedly platy structure, which is locally well marked, 
although absent at other points. The plates are usually al)out one-half inch to an 
inch in thickness, and strike N. 70^ E. nearly pai*allel to the spur, with a dip of 
25^ NW. The thickness of the plates at each outcrop is rather uniform, but it 
varies between the outcrops. 

At The Watchman and Glacier Peak the laj^ers of lava have a decided upward 
curve when viewed from the lake, and suggest that the volcanic vent from which 
the lavas of that portion of the rim issued was not central over the lake, but much 
closer to the western border. This view is fullv borne out by the character of the 
igneous material in Glacier Peak. It is composed in small part of darker slaggy 
andesites and much red, 3'ellow, or whitish f ragmental material which is highly col- 
ored, as if by the escape of hot volcanic gases near the vent. From the lake these 
colored patches are brilliant in the morning light. On the inner slope of Glacier 
Peak (PL VII, A) are numerous columns, one of which is over 100 feet high. To 
call this Glacier Peak is a misnomer, for the glaciation here is much less distinct 
than on the hills farther south along the rim. 



( A8TLB CKEEK ANDBSITK AREA. 



On the western border of the rim north of Castle Creek is a hill of andesite 
much like that a short distance to the east, from which it is separated by a belt of 
glacial drift. 



MUN8ON POINT ANDESITE AREA. 



For 2 miles from the crest of the rim the divide between Castle and Anna creeks 
is covered largely by morainal material, but andesites finally crop out in occasional 
cliffs and give evidence of the character of the rock beneath the surface deposits m 
the Munson Point area. A somewhat dacitic specimen (79) from one of the rounded 
ledges of this area was found by Dr. Patton to contain tridymite. To the south and 
southwest, beyond the main roatl, this andesite is covered by a large mass of basalt 
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UNION PKAK ANDE8ITK AREA. 



Toward the southern lK)rder of the urea mapped, near Pole Biid^e Creek, is a 
mass of ande8it(\ forming a bold, rocky point, which has })cen strongly glaciated on 
the side toward Crater Lake. The two types of andesite (41 and KH.)) found here do 
not look entirely alike, yet the rocks appear to })e the same. The tii'st is andesitic 
*'in appeamnce and the second somewhat dacitic. This is part of the large area 
which is outlined as including Union Peak, but is recognized as containing much 
basalt. Although the summit of Union Peak is hypei*sthene-andesite, the middle 
and lower slopes upon the eastern side are composed of basalt occasionally rich in 
olivine. There was no opportunity to map the southern and western Iwrders of the 
park in as gre^it detail as the other portions. 



EAC.LK CRACiS AN])F>5ITE AREA. 



The large aren of andesite forming the broad divide between Anna and Sun 
creeks is made up of many prominent sheets. This is best seen from Dutton Clitf, 
where tlie edge of the platform appears under Vidae Peak, the highest point in the 
rim of the lake. Although the structure is partially obscured b\' steep talus slopes, 
enough is visible to show that the rim is made up of successive sheets of lava, which 
dip away from the lake approximatel}^ parallel to the present surface. On the upper 
surface of this platform exposures are few, excepting where the surface layer of 
sand and pumice is removed. 

In strong contrast to the eastern edge is the opposite l)order of this platform 
in Caii^ile Crest, which is rugged, and so sharp as to be impassable. At the foot of a 
precipitous wall a thousand feet high, on the north side of this serrated crest, lies 
Crater Lake. This is the only portion of the crest that is practically impassable. 
In the summit of Castle Crest the gray andesite is like that which is most common 
about the rim, but was found by Dr. Patton to contain a small amount of horn- 
blende, thereby affording an approach toward hornblende-andesite, which has not 
yet been found about Crater Lake. On the ragged edge of Castle Crest, toward 
Eagle Crags, are great masses of volcanic conglomerate, such as are rarely exj)osed 
on the outer slope of the rim, but are common on the inner slope. They frequentl}' 
alternate with solid sheets of andesite, and sometimes attain large dimensions, 
especially in the southwestern portion of the rim. They are generally composed of 
fragments of andesite, rich in amorphous matter and often dark or red in color. On 
the divide south of Dyer Rock there is much morainal matter and pumice, so that the 
solid iavas rarely outcrop, but where they do they are well glaciated. 

Near the southern margin of the area mapped is Crater Peak, a hill of basalt 
resting on a platform partly of andesite and partly of dacite. The relative age of 
these rocks is clearly shown, and is further demonstrated by the fact that fragments 
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of the underlying andesite were thrown out during the activity of the basaltic 
crater. 

Great cliffs of andesite border Sun Creek Canyon in places, and the rock is 
well exposed also at the falls where Sun Creek, at an altitude of about 0,500 
feet, leaves the broad U-shaped valley and plunges 400 feet over a series of cas- 
cades into a sharper canyon cut in dacite. This line of cliffs across the course 
of Sun Creek cx)unects the andesites of the two divides oast and west of that 
stream. 

DITTOK CLIFF ANDESITE AREA. 

In the broad divide between Sand and Sun creeks andesite plays a smaller 
part and shows but little variation. Near the middle of the divide, at an altitude 
of about 7,000 feet, there is an andesite (76) full of secretions (98). The andesite 
is quite normal, but the inclusions are basaltic. The same material with secre- 
tions occurs in the form of large bowlders near by, and a short distance to the 
west, in one of the head gulches of the West Fork of Sand Creek, it is overlain 
by a decidedly platy andesite (27). Similar andesite (50) full of secretions was seen 
near the edge of the water under Sun Creek Notch. The andesitic lavas of the 
south rim are much alike everywhere, with the exceptions noted above, and are 
represented ])v Nos. 50 and 46, the latter from Dutton CI iff*, where it is capped 
])y 10 feet of pumice. 

Sand Creek, like its neighbor, is bordered by great cliffs, Cvspecially on the 
west. Ascending this creek one-half mile south of the lake rim, I collected a 
platy andesite (36) at the bottom. One hundred feet up No. 5 was taken, and 60() 
feet from the bottom of the canyon No. 23 was collected, while No. 37 came from 
the top of the hill. On this divide were collected the interesting ejected frag- 
ments (147-151) of dacitic material. About 2 miles from the notch the andesite 
has a marked platy structure, which is curved, showing broad surfaces and folds. 

Farther southeast, at an altitude of about 6,200 feet, the cliffs of andesite (64) 
overlie dacite. Near the contact from which a great spring issues the andesite is 
))lack, as if from the presence of much amorphous matter, due to the sudden cooling 
of the under surface. Near by is a mass of very platy andesite closely associated 
with the underlying dacite. A short distance to the southeast, upon the same 
divide, the andesite (53) bears the same relation to underlying dacite (127). The 
approximate contact between the two rocks may be tmced across to the canyon of 
Sun Creek. 

SENTINEL ROCK ANDESITE AREA. 

On the lake slope of Kerr Not(»h is a vitreous andesite, well jointed (16), with 
columns 46.6 inches thick. This sheet of cohunnar lava dips away from the lake 
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and is exposed near the l>ottoin upon both sides of Sand Creek Can3"on near the 
notch. 

From Sentinc^l Koek eastward to the vicinity of Scott Peak is one of the largest 
areas of andesite, but by far the greater part of it is covered with pumice, and out- 
crops are few. Occasional cliffs and large fragments of andesite occur on the steep 
slopes east of Sand Creek Canyon, but beyond these the surface is generally covered 
with a layer of small pumice fragments. Scott Peak is about l,OCM) feet higher 
than any other point in the vicinity of Crater Lake. It was once an active volcano, 
and among its neighl)ors next in size and importance to Mount Mnzama. In fact, it 
marks the only distinct andesitic vent of this center outside of the principal one rep- 
resented b}' Mount Ma^zama. Its lavas spread to the eiist, away from the lake, for 
in the Sentinel Rock section of the rim the lavas appear to have flowed westward 
from the Mazama center. 

Scott Peak was once a well-defined crater, but it has been broken away upon the 
northwest, and drains into the South Fork of Bear Creek by a broadly rounded valley, 
which looks as if it had been cut by glacial action. The slopes of the mountain are 
generally covered with pumice, but here and there ajre fragments of andesite (80), 
and near the summit actual ledges (77) occur. The lava is generally reddish or gray 
(200), but sometimes greenish (198), as if considerably altered. Occasionally (4) it is 
somewhat glassy. Both Nos. 200 and 4 were loose pieces on the southwest side of 
the crater, but No. 198 was in place. The quaquaversal dip of the sheets of volcanic 
material shows that Scott Peak was a crater, and the 2 miles of countiy intervening 
between it and the rim shows its individualit}'. The whole aspect of the mountain is 
one of considerable age, and it is evident that it became extinct before the last erup- 
tion of Mount Mazama, which spread pumice everywhere. On the outside the slopes 
are gentle, but within the curve of the ancient crater they are very steep, and the 
snow lodged there is but a remnant of the glacier that once started at that point. 

ROUND Tf)P ANDESITE AREA. 

The Round Top area is simply a part left uncovered by two dacite flows, one 
on each side, and the glacial material to the northeastward. It embraces upon the 
surface of the rim two flows, forming prominent cliflTs, the easternmost of which is 
shown in PI. VII, B, The western palisade flow fills an old valley to the water's 
edge, and, like its neighbor, has a thickness of over 300 feet. The lower 10 feet of 
this flow, especially that of the eastern palisade, where it comes in contact (17) with 
its bed, is glassy. It is much broken below, and lies in places upon conglomerate. 
Parts of it are very platy, excepting in the glassy portion below, and an imperfect 
jointed structure extends through the mass. It thins out rapidly oh Ijoth sides to an 
edge, and is overlain by a thin layer of tutfaceous dacite, a later flow of which 
appears at the left in PI. VII, B. 
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KTBEL HAY ANDE8ITB AREA. 



The area of andesite on the outer slope of the rim represents a large flow 
from the rim at Steel Bay northeast toward Bear Creek. Like the Round Top area, 
it lies between two later flows of dacite, and to the north i)ass(\s out of sight 
beneath the pumice plain. It is a typical andesite (29) and much glaciated. 



ANDBBITE OF WIZARD IHLAND. 



Wizard Island is a perfectly preserved volcano consisting of a cinder cone (PI. 
VIII, B)^ with crater" above and lava field about its base. Amid such impressive 
surroundings it is one of the most attractive and inviting spots of the region. The 
lava is andesite and belongs not only to the last andesite flow, but to the final erup- 
tion connected with this great volcanic center. The bulk of the older lavas is 
andesite; then come the basalts from the cones around the base of the rim, and 
the dacite^s on the mountain sloi)e succeeded. Finally, after the great catastrophe 
which engulfed the upjier jiart of Mount Mazania, an andesitic eruption on the floor 
of the caldera followed, which built up Wizard Island and apparently covered almost 
the whole bottom of Crater I^ake. 

Wizard Island has an area_of ne4irly nine-tenths of a square mile. The eastern 
half is a prominent cinder cone, and the western is an extremely rough lava field. 
The cinder cone rising from the lava field has very steep slopes, made up chiefly of 
f ragmental material blown out of the crater, and rises to a height of 845 feet. The 
crater in its summit is alxout 250 feet in diameter and 80 feet deep. Its bottom is 
solid lava. Inside its rim upon the southwest slope is a great snow bank, where 
the snow accumulates during the winter and lasts almost throughout the year. The 
lapilli are rather coarse and usually dark or black, but many are red. There are 
numerous fragments of lava and comparatively little sand. The solid lava is brilliant 
red only upon the surface; within it is dark. When the material is porous, the color 
may permeate the whole mass. One hundred feet l)elow the summit on the northwest 
slope a little stream of lava (80) 6 to 15 feet in thickness broke out and coursed down 
the slope for 150 feet. Its surface* is very rough and somewhat ropy, and along the 
under surface it picked and inclosed numerous fmgments from the slope over which 
it passed. Neur the summit is a mass of brilliantly red lava (56). The cone is 
therefore not wholly composed of cinders, but contains, besides lapilli and chunks 



«The saiifiT-Hlmpod <lepr«»H«i(>ii in the ftummit of the cinder <*one of Wizard IrIhiuI U properly ealled a rmtrr. It inaricN 
an oriflee from which lava reachcnl the Hurfuce to build up the cinder cone and lava Held. Fn>m the fact that the lake is 
called Crater Lake tlie term crater hax been applitnl to the fcr<^t depreHsion which the lake occupies. The large depreiMion 
doeH not in itM prenent Kize mark the orifice from which the lavax of Mount Mazama iMSued uixm tlie surface to build up 
the mountain, but rather, as will Ik* shown in the stMiuel. the hole thnuigh which the summit of the mountain sank into 
the earth. Gn^t dcpn^ssioiiN like that contaiiiiuK Crnter fjiikc. originating by sulwidence in conmM*ti<m with volcanic 
artivity. are oftt'ii «*alle<i pit cnit«'rx. but In'tter still rnltltrnf, wbi<'h is distinctive. I*n»f. W. M. Pavis very appropriately 
remarks (Physit-al tJfography, p. 2I.'i» that the deprt'vslon containing Cnitfr I^ik*- i.s "one of the most suiKTb caldenis in 
the world." 
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of lava, a number of small flows, not of suflicient size, however, tx) interrupt the 
regularity of the cone. Near the base of the cone, where it merges into the lava 
field, sev^cml ''volcanic bullets'" were observed. They are round, and i*ange in 
diameter from I to 2 feet, with irregular fractures. They appe^ir to have soliditied 
before ejection, like those so well developed about the base of the cinder cone 10 
miles northeast of Lassen Peak, California." 

The lava flow which extends westward is extremely rough and made up of large 
angular blocks of the broken flow. It is a dark, somewhat basaltic-looking andesite 
(19), which is occasionally streaked with lighter colored material (20) among the dark 
bands. The lava escaped chiefly from the west base of the cinder cone and spread 
westward beyond the present limit of the island, for beneath the clear water it may 
be seen to extend far west toward the shore of the lake. Some escapexl eastward, 
and it is probable that lava from the Wizard Island center spread over much of the 
floor of the lake. 

The eastward flows are less broken upon the surface, and are probably older than 
those to the west, for they are well covered with trees. The flow is well exposed in 
section along one of the small streams on the east shore of the island, and exhibits 
to a marked degree an arched platy structure parallel to the surface of the flow. 
Such structure is rare on the island, but has \yeen observed curving around the 
narrow and thick flows of the rim, especially in the neighborhood of Llao Rock. 

ANDK8ITIC I)IKE8. 

A cruise on the lake reveals a number of dikes which cut the rim nidiallv. 
Eleven were observed in all — seven near Llao Rock, three opposite Scott Peak, 
and the remaining one a short distance west of Eagle C3ove. Nine of these are of 
andesite and two of dacite. 

The only prominent dike (PI. VIII, ^4) is of andesite. It cuts through the entire 
rim from lake to crest and stands out conspicuously between Glacier Peak and Llao 
Rock. It has been named the Devils Backbone. This prominent dike is nearly 
vertical and strikes N. 60^ W. It varies from 5 to 20 feet in thickne^js, and offsets 
near the middle of the slope. The sample of this rock (94) was taken on the crest, 
and in the mass, to the unaided eye, it resembles gray basalt more than the normal 
andesitic rock of the rim. On microscopical evidence Dr. Patton refers it to the 
andesites. It has a columnar structure across the dike and a less conspicuous 
parting near the sides parallel to the contact with the adjacent rock. 

Under the east end of Llao Rock are two dikes, of which the southern one is 
remarkable. It first appears with a width of 15 feet at the top of a talus slope 100 
feet above the lake, and has a vitrophyric border. Upward it thickens slightly as it 
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rises for seveml hundred feet, then expands into a sheet of lava which was a surface 
flow on the slope of the growing volcano at the time the dike was formed. At the 
lower end of the dike No. 95 was collected, and No. 91 represents the adjacent 
andesite. 

A short distance farther northeast is another 15-foot dike, which spreads into 
a sheet al)out 500 feet above the lake. The material, although andesite, is mther 
dacitic (182). It is full of secretions (133) which are somewhat basaltic in their 
character. 

On the west ami of Steel Bay is a 12-foot dike which has a dacitic aspect, 
but proved under the microscope to be an andesite. Alx>ut halfway up the rim it 
expands, connecting with the great flow, 200 feet thick, extending from Llao ltoc*k 
to the northeast corner of Steel Bay. It tills a fissure in the mountain side from 
which a large part of the flow esi'aped. This dike, as well as most of the others, is 
much older than the one on the Devils Backbone. 

No dikes were seen around the northern and southern shore of the lake, but at 
the southern end of Redcloud Clitf, under the great rhyolit« flow of Cloud C-ap, 
three more dikes appear. The one at Sentinel Kock (33) is irregular, 10 to 25 feet 
in width, with a number of secretions, and for a short distance is cut up into a large 
mass of conglomerate. Farther north is a 4-foot dike (21) which strikes a little 
north of east. The transverse jointing in it is especially well developed. It 
intersects sheets of lava and conglomemtt*, but does not reach quite to the gre^t 
flow of dacite above. Almost directly under Cloud Cap is another interrupted 
dike, trending southeast. Although the dikes noticed thus far are of andesite, 
and earlier than the great dacite flows, their assentation with the i)ortions of the 
rim over which these dacit<^ flows emanated is of interest. 

A short distance west of Eagle Cove, about halfway between the crest and the 
lake, is a lo-foot dike with horizontal jointing. It runs down the slope to the 
water, and at one point stands out as a prominent ledge 50 feet in height. 

Under The Watchman is a dike which reachas neither to the crest nor to the 
water s edge. It is about 40 feet in width and its lK)rder is black and glassy, like 
the vitrophyric dacite of Llao Rock, but near the middle it appears holocrvstalline, 
with a light-gray color pepi>ered with small dark crystals of pyroxene. 

BASALTS. 

Tnlike the andesites, the basalts are limited to the outer slope of Mount Mazama, 
and do not approach nearer than about a mile of the crest. None of the basalt flows 
came from the central vent of Mount Mazama. Thev all issued from adnate cones 
uiK)n the lower slopes of that gn»at voh'ano. The north(M-n part of the area mapped 
contains the principal l)asalt masses, which issued from four vents— Timber Crater. 
Desert Cont*, Bald Crater, and Red C/one. 
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TIMBBR CRATER BASALT FLOW. 

Timber Cmter, 5 miles northeast of Cmter Lake, is the peak next in size to 
Scott Peak. It rises 1,5()0 feet al)ove the surrounding plain and has a somewhat 
eccentric conical form with gentle slopes covered largely, to an elevation of <),700 
feet, by pumice from the final eruption of Mount Mazama. At H,9()0 feet a reddish 
vesicular flow of basalt (165) issued from the southwest slope. Another basalt 
stream forms a prominent spur to the northwest. The lava is fresh, with all the 
peculiarities of a recent flow. Above this jx)int the slope is made of lapilli, with a 
light covering of pumice. That the upper portion of the mountain is a cinder cone 
is not seen by the traveler until he reaches the sunmiit, where there is a well-defined 
crater 50 feet deep and 250 3'^ards in diameter. The crater is double, or rather there 
are two craters of equal size side by side. One is nearly north of the other, and the 
two were most likely active at different times. With the progress of the eruption 
the vent shifted slightly parallel with the range. This is a common feature in many 
volcanic fields, but is rather unusual in the Cascade Range. The coating of pumice 
from Mount Mazama is spread upon the slopes of the cinder cone of Timlx^r Crater, 
showing that its activity had closed before that of Mount Mazama. 

The new of Crater I^ke and its rim from Timber Crater is especially fine, and 
to the northward Mount Thielsen, the ^'lightning rod" of the Cascade Range, some- 
times also called the '"Matterhorn" of the range, stands out conspicuously. 

DBBEKT CONE AND RED C<»NK KAHALT KLOW8. 

Desert Cone and Red Cone are volcanoes in line with a numljer of others which 
fonn a decided ridge, practically the crest of the range. They are evidently due to 
a immber of vents on one fissure, and the material erupted is e^tsentially the same 
throughout, although the volcanoes were not active at the same time. The oldest is 
to the northward, and the youngest is Red Cone. At the eastern Iwse of the ridge, 
near the northern limit of the portion that appears upon the map, the basalt is vesic- 
ular (188), but farther up on the slope is compact and holocrystalline (189). This 
spur is plainly a flow to the east. The lava is often rough upon the surface and 
has lost little by weathering, presenting an aspect of newness not found on the 
associated lavas. The summits of the two most northern hills of the ridge were once 
craters, but the loose material has l>een swept away by subse(|uent erosion, exix)sing 
in the cliffs of the crest the solid lava (190, 191) of which the central portion of the 
cones is composed. 

Desert Cone, near the southern end of the ridge, next to Red Cone, is a cinder 
cx)ne with rough, chiefly reddish, basalt (1H7). The summit has an imperfect crater 
broken away t4)ward the northwest. Its sloi)es ai*e very steep. 

Of all the wmall volcanoes which have furnished liasalt in the northwestern part 
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of the area mapped, Red Cone is the best example. It ia well preserved, its lavas have 
the freshest look, and, all things considered, it appears to have been active later than 
any of the craters about the great central vent of Mount Mazama. 

Red Cone is composite. The basal portion or pedestal is made up very largely 
of basalt flows, and the upper 500 feet is a cinder cone composed almost wholly of 
lapilli, sand, and slaggy chunks of red and gray basalt. Much of the reddish lava is 
vesicular, but the gray is not vesicular. The rim on the south side is 50 feet above 
thQ bottom of the crater, which drains to the northeast The crater contains numer- 
ous fragments of dacitic pumice, like that of the final eruption of Mount Mazama. 
The fragments of dacite are so abundant in the crater and upon its slopes as to leave 
no doubt that Red Cone had closed its career before the final eruption of Mount 
Mazama. The radiating flows which form the base of the cone spread far beyond 
the limits of the cinder cone. To the east they are well exposed, and some of the 
flows are vesicular. The elongated cavities are flattened and lined with hyalite. 
The gray basalt (156) is often rich in olivine. From the base of Red Cone a great 
sheet of basalt spreads westward in the flat, forested countr}^ where underlying 
rocks are concealed by a layer of pumice. Here and there, however, domes of the 
basalt rise through the pumice. The fresh vesicular basalt is like that of the base of 
Red Cone, fiom which it was derived. Its surface is well glaciated, and near the 
western border of the area mapped becomes irregular and rugged on a small scale, 
with many striated ledges and occasional meadows due to lava dams formed in a 
narrow part of the valley. Rarely (184) the basalt is platy. How far down Rogue 
River these flows extend is unknown. Basalt occurs along the Rogue River road for 
many miles, but it is a darker lava and much more vesicular than that of Red Cone. 

BALD CRATER BASALT FLOW. 

Bald Crater has a well-defined pit on the summit of its cinder cone. Some 
solid flows of dark basalt (1D2, 193) are exposed, but red and black lapilli are 
most abundant. Its crater, being bare and prominent, affords a fine view, and when 
seen from neighboring points stands out conspicuously above the deep-green forests. 

CRATER PEAK BASALT FLOW. 

Crater Peak is the center of a small area of basalt on the divide exteiuling 
south from Castle Crest and Vidae Peak between Anna and Sun creeks. The hill 
rises over 700 feet above the general level of the platfoi-m of andesite on which 
it rests. At the northern base of the hill is a mass of reddish-brown basaltic tuff. 
The geneml layer of pumice extends far up the slope, showing that, as in other 
cases. Crater Peak was not active after the final outburst from Mount Mazama. 
The pumice layer is decidedly darker than the material of which the peak 
9255— No. 3—02 3 
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and fKilinh^fd an if bv glacriern. but distinct Htria; could not be found. The rock 
(11>^) 18 eiipe<rially glai^y« often banded with brown, and may be finely spherulitic 
or lithophy«al. The i-anyon beading between Cloud Cap and Scott Peak presents 
cliffH which are le^H impoHing. Upon the «fa«t Hide of thiH canyon at the northern 
end of the flow the nx;k, although dacite, in more massive and lacks the vitreous 
features of the main bodv of the flow near its source. To the west this series 
of dacite flows, along the southern arm of Grotto Cove, may be seen to overlie 
the adjacent streams of andesite. The base of the dacite flow near the contact is 
glassy, with numerous spherulites and lithophysae. 

Farther northeast, between the forks of Bear Creek, is a small area of dacite, 
which was regarded as an andesite in the field, but Dr. Patton finally relegated it to 
the dacites. The regularity of the hill gave rise to the expectation that it would be 
found to l>e a cinder cone, but this is not the case, as it is composed of solid dacitic 
lava. Its sides are covered with lapilli of pumice, like that found elsewhere, and 
upon the soutli bear a fine growth of yellow pine. There are a number of other 
hills farther north which appear to be composed of the same material. 

(iROUHB HILL DACITE PIX)W. 

Possibly of alxiut the same relative age is the Grouse Hill flow, which crosses 
the crest a short distance northeast of Llao Kock. On the inner slope the layer 
of pumice l>eneath the great flow of Llao Rock overlaps the Grouse Hill flow, show- 
ing that the (irouse Hill flow is older than the Llao Rock eruption. For this reason 
the two flows are separated on the map. At the south Ijase of Grouse Hill the 
dacite (107) is regularly Imnded, and on the hill next northeast of Llao Rock it (108) 
is spherulitic. This flow has been much eroded, and has a more ancient look than 
other flows of this portion of the rim. 

LLAO KOCK DACITB FLOW. 

The Llao Rock flow is one of the most interesting of the region and is the most 
conspicuous. Its general outline in cross section filling a valley of the rim may be 
clearly seen (PL IX, A) across the lake. The flow is more than a mile wide along 
the crest and over 1,2(H) feet thick in the middle, tapering to edges on both sides. 
Considering its great thickness the flow is remarkably short, for it can be traced 
with certainty only about a mile from the rim, although it may extend for some 
distance farther ^x^neath the pumice covered plain. On the northeast it tapers 
rapidly to an edge, and ends in a mass of pumice nearly 100 feet thick. The lower 
]x>rtion of this pumice is clearly stratified, but in the upper part the lines are less 
distinct. The valley filled by the flow is small and has an irregular surface. On 
the northeast side there is a prominent mass of pumice (PI. IX, A)^ under the 
Llao Ro<!k flow, but on the opposite side there is little or no pumice. On, the 
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summit of Llao Rock there is much pumice. On the western slope it bas been 
largely swept away, exposing the underlying rock. The edge of the flow, and, 
in fact, the entire periphery, is practically obsidian; the interior portion is more 
crystalline. Where glassy it is rich in small feldspars (102). On the summit, 
which has suffered much from erosion, a portion of the flow (103), originally some 
distance beneath the surface, is exposed, and on this account the rock is on the 
whole less glassy than near the border. 

An imperfect columnar structure is given to the dacite of Llao Rock by two sets 
of joints. One set is radial from the lake and perpendicular to the rim; the othei* 
set crosses the first nearly at right angles. They are best developed in the lower 
portion of the flow. Near the surface a curved structure due to flowing is marked. 
Below, the flow structure is straight and nearly horizontal. 

WINEOLAS8 DACITE FLOW. 

The Wineglass flow is of small size and peculiar. It lies in the next gap of the 
rim southeast of Round Top (PI. VII, 5), has a width of scarcely 500 feet, a length 
of probably a mile, and a thickness of about 20 feet. It is decidedly like a tuff (114) 
and might well be so considered were it not for the stringers of black glass inter- 
mingled with a reddish groundmass containing fi*agments of other material and 
imparting a decided fluidal structure to the mass. 

A short distance farther east there is another small sheet of this tuffaceous 
dacite 10 feet thick. It has the characteristic streaks of black glass which fix its 
identity. It occurs locally along the western edge of the Cloud Cap flow, and 
closely resembles much of the tuffaceous material of Redcloud Cliff. At the 
Wineglass slide it is immediately associated with pumiceous tuff. The hard ,rock 
of the rim is andesite, overlain by 16 feet of pumiceous tuff with 10 feet of red 
tuffaceous dacite. This is overlain by 30 feet of conglomerate and capped by a fine 
layer of pumice 25 feet thick. It is evident from this section that the fragmental 
dacite does not represent the final eruption, for that finds expression in the top 
layer of pumice. 

The gap west of Round Top contains a small sheet of tuffaceous dacite like that 
on the other side, but is thicker. It appears in PI. VII, B^ at the left of the Palisade 
crowned by Round Top. It is 50 feet thick in the middle and tapers to a thin edge 
on the west. On the east of Round Top it extends up the slope a short distance, 
for it is clearly seen above glacial strias and is undoubtedly a post-Glacial flow. In 
this gap, as upon the east, it overlies a sheet of pumice and underlies conglomerate 
into which it appears to pass by becoming more fragmental. Near the western 
edge of the gap it appears to be overlain by large bowlders, and where the exposure 
of the dacite ceases the sheet of large bowlders becomes more marked. On the 
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geological map this area of dacite adjoins the edge of the great flow of Rugged 
Crest. In reality, however, it overlaps the Rugged Crest flow and is of later date. 
The same tuffaceous dacite occurs farther west along the (Test beyond 
Cleetwood Cove, where, as upon the east, it overlaps the flow of Rugged Crest. 
It extends nearly to Pumice Point (PI. IX, 5), where it appears between two thick 
masses of pumice. This peculiar tuffaceous dacite occurring, along much of the 
northern crest of the rim all belongs to one flow, which spread as a uniformly thin 
sheet over that portion of the base of Mount Mazama. It is altogether unlike the 
other flows of dacite and appears to be intermediate between them and tuff. 

CLEETWOOD CX)VE DACITE FLOW. 

Among the final flows of the great volcano is the one of Cleetwood Cove. The 
rim at this point is remarkable. It is unlike any other portion of the rim in its 
rugged roughness without being sharp edged like Castle Crest. It is wooded with 
small pines and firs, but the bold crags stand out among them in pinnacled relief. 
The lava is a black, yellow, or brown glass, and is greatly broken and rough on the 
top. It forms the crest of the rim for nearly a mile, extending upon both sides of 
Cleetwood Cove, where it makes prominent cliffs. It fills an old valley at the head 
of the cove, and has a thickness of over 300 feet in the middle, tapering to a thin 
edge on both sides. PI. X, B^ illustrates its appearance from the lake. This broad 
flow extends from the rim northe^astward for nearly 3 miles, where it disappears 
beneath the plain of pumice and glacial material. The bottom of andesite on which 
the dacite rests is irregular, and in places the two rocks are separated by a thick 
layer of pumice. 

On tracing the rugged mass of dacite away from the lake there is found upon its 
surface a small valley (PI. X, A) lined with cliffs and local columns. The valley is 
nearly as deep as wide. Huge blocks of dacite have tumbled about in the most 
irregular manner, producing small inclosed basins. The valley is not a waterway, 
and judging from its peculiarities it is altogether probable that it is a caved-in lava 
tunnel. 

Upon both sides of the surface the dacite is flattish and looks glaciated, yet no 
certain glacial marks could be found, although large fragments regarded as bowlders 
were seen resting upon it. West of the chaotic channel and also on the east above 
the cliff there appears to be some morainic material. Close to the crest at the head 
of Cleetwood Cove the surface is most broken and rugged. A little farther west the 
flow thins rapidly, forming West Deer Cliff, and runs out near the next point. 

The upper portion of the sides of Cleetwood Cove is a cliff of daicite, beneath 
which there is a layer of pumice, succeeded downward by 350 or more feet of exposed 
andesitic flows. These subdacite lavas are continuous around the head of the cove, but 
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are not exposed. At the head of the cove they are covered by daeite which flowed 
down the inner slope of the rim from the caved-in tunnel of Rujifged Crest to the lake. 

The flow is wide above and narrow below, lapping down over the edjjes of the 
andesite into the lake. How far it extends beneath the surface of the lake is 
unknown, but apparently only a short distance. 

Some distance above the lake, upon both sides, the flow and platy structure of 
the daeite overlying andesite dip toward the central stream, which in places dips 
toward the lake at an angle of '^^ and lies parallel to the present surface. The 
structure inclined toward the lake is very clear, and its parallelism to the surface 
underneath well exposed upim both sides. Near the summit the glassy rock (111) 
is red and black, and mav be mixed with grav. Xearlv midwav from summit to 
lake, where the slope is steepest, the lava (11:^^ is somewhat less glassy than near the 
crest, and near the lake illZ) the crvstalline structure is still more marked. 

DACmC DIKBSi. 

Onlv two of the eleven dikes of Mount Mazama are daeite. Thev cut the older 
andesites (57) and connect directly with the thickest part of the Llao Kock flow. 
One of the dikes has a thickness of 10 feet. In the middle (13M) it is holocrystalline 
and contains crystals of hornblende, but upon the border it is black and glassy, a 
vitrophyre (131), like most of Llao Rock. The other dike is regular, varying from 
2i to 4 feet, and the material closely resembles the last in all respects. One of these, 
or possibly both. c*ontributed to the escape of the great mass of Llao Rock. 

DACmC PTMICE. 

The dacitic eruptions of Mount Mazama were generally accompanied by more 
or less pumice. PI. IX. A, shows a large amount of pumice which underlies the 
Llao Kpck daeite and which is, therefore, somewhat older than that flow. It is arranged 
in la^'crs^ probably due to the assorting influence of the atmosphere. Under the 
main body of the flow the sheet of pumice is sometimes wanting or thin and 
iiTegular. It is possible that this pumice l>elongs to the earlier part of the 
eruption which gave rise to Llao Roi*k. 

The summit of Llao Rock is composed of fragmental materiaU approximately 
120 feet in thickness, of which the lower IH) feet is pumice resting on the 
surface of the daeite. It is clear that this body of pumice is later than the Llao 
Rock flow, although it may belong to the tinal i)ortion of the same eruption. The 
layer of white, pinkish, or yellowish pumice of the ordinary dacitic type (136) 
on the summit of Llao Rock is overlain by 20 feet of more or less pumiceous 
material, which is heavier and nmch darker in color. The fragments, like those 
of the layer below, are small, being rarely as large as 6 inches in diameter. 
Some of them (143) are black, rich in phenoerysts of hornblende and feldspar. 
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and are doubtfully of a dacitic nature. There can be no question that the darker 
layer represents the concluding stage of the final explosive eruption of Mount 
Mazama. It is one of the largest masses of this sort of material found anywhere 
about the rim crest, and is of unusual importance on account of its peculiarities, 
for it is markedly unlike any of the dacitic lavas. 

Along the crest above Danger Bay, near Sentinel Rock, there is a succession 
of pumice and glacial deposits. There are two deposits of what appear to be 
glacial gravels succeeded by layers of very pumiceous material, recording the fact 
of alternating glaciation and volcanic eruption. The lapilli of the two pumice 
layers appear to be the same. Farther to the northwest, beyond Cloud Cap, a 
thin sheet of tuffaceous dacite appears at the top of the lower pumice. 

Tuff with much pumiceous fragmental material is widespread in the Crater 
Lake region, and is so abundant in places as to indicate a great explosive eruption 
among the final events in the history of Mount Mazama. Pumice Desert is a 
treeless tract north of the rim, in which pumice prevails. Fragments are usually 
from 1 to 4 inches through, although some nearly a foot in diameter are common 
in places, and occasionally larger ones appear. The largest mass of dacite seen 
(138) is 10 feet in diameter. It is very pumiceous and yet distinctly fragmental. 
Near by was a fmgment 3 feet in diameter, rich in hornblende. Such fragments 
are not abundant, although black sand (134) composed chiefly of feldspar and 
hornblende is abundant everywhere. Here and there may be seen occasional 
chunks of andesite. From Mount Thielsen to Red Cone, a distance of over 10 
miles, nothing but fragmental material was seen near the trail. As Red Cone is 
approached some of the red and black lapilli washed from the cone appear upon 
the surface to overlie the dacitic pumice and tend to give a wrong impression as to 
their order of eruption. The sheet of pumice, although not indicated upon the map, 
covers by far the larger part of the flows, but ledges are in general sufliciently 
numerous to determine approximately the distribution of the various kinds of 
lava. Along the southern border of the rim the greatest thickness of pumice, 
about 10 feet, is exposed at the top of Dutton Cliff. The largest fragments at that 
place are not more than a few inches in diameter and appear to be the farthest from 
the rim. The peculiar black lapilli rich in crystals of hornblende are numerous. 
Specimen 142 was collected from a piece 18 inches in diameter. Near the same 
place, in 1883, I found a bowlder-like bomb of the same size as that noted above. 
It had a blackened shell which was cracked to a little depth, and the cracks stood 
open like those of a bursted apple. The outside was very hard and glistened (148) 
as if melted and glazed. Within the rock was very porous and pumiceous (147). 
Near by another specimen had a thin, reddish, cracked rind with a more crystalline 
granitic center. Specimens 150 and 151 also were found along the northern rim 
of the lake and belong to this peculiar ejectamenta. 
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On the broad divide north of Crater Peak is a moraine composed largely of 
andesitic material. It is covered with dacitic pumice in such a way as to mark the 
relative age of the glaciation and eruption. 

GLACIATION OF MOUNT MAZAMA. 

The glaciers of Mount Mazama have left distinct records in the form of striae 
and moraines, with their outwash plains lower down upon the mountain slopes. The 
radial arrangement of the striae across the very crest of the rim overlooking the lake 
is clearly displayed, as shown on the map (PI. VI). The rocks are well striated, 
especially upon the western and southern crest, and the glacial cutting has been 
sufficiently deep to remove all the surface features of the lava flows on the outer 
slope of the rim. On the adjacent slope toward the lake the same rocks present 
rough fracture surfaces showing no striae. The glaciation of the rim is a feature of 
the outer slope only, but it reaches the very crest. The glaciers that striated the 
crown of the rim carried stones in their lower parts, and must have come down from 
above. The central peak from which the glaciers radiated has disappeared, as it is 
evident that the topographic conditions of to-day afford no such source of supply. 

The only portion of the rim along which positive signs of glaciation were not 
observed is opposite Scott Peak, and yet it is altogether probable that glaciere 
existed here, for near Sentinel Rock there appear to be two layers of gravel of 
glacial origin, and there are evidences of glaciation in the valley heading between 
Cloud Cap and Scott Peak and draining this portion of the crest. Below the 
cascade on the South Fork of Bear Creek the valley is bordered by one of the finest 
lateral moraines of the region. It is practically certain, therefore, that the crest of 
the rim has been glaciated throughout its entire circuit, excepting possibly Glacier 
Peak and the two highest points in the southern rim, and 3^et along these portions 
of the rim there is the clearest evidence of deep glacial cutting. 

On the lower slope of Mount Mazama, the glaciers were broken up into 
tongues of glacial ice which occupied the valleys only, following closel}^ the lines of 
drainage. One of the largest of these masses occupied the valley of Anna Creek, 
in the bottom of which glacial striae have been found at a distance of over 3 
miles from the lake. Beyond this point all the lava flows in the middle portion 
of the valley are concealed by a thick coating of fine volcanic detritus washed 
down from the higher slopes of the volcano, filling the valleys to great depths 
and effectually obscuring the records made by the glacier at the time of its 
greatest extension. 

The moraine of the Anna Creek glacier on the rim near Victor Rock has a 
thickness of over a hundred feet. It is composed of angular fragments up to 8 
feet in diameter, commingled with sand and clay. Near by, on the outer slope, at 
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the head of the main divide between Anna and Castle creeks, it is bowlder 
covered. 

On descending from the crest to the springs at the head of Anna Creek, 
terraces may be seen bordering a sharp V-shaped canyon cut wholly in mominal 
material containing smoothed bowldei's of andesite. Some of them are dark 
colored and inclose gray secretions. The U-shaped glacial valley of Anna Creek, 
a short distance below the crest, is 120 feet deep, with moraines on the sides and 
on an irregular bottom 50 3^ards in width. The can^^on heads against cliffs over 
which several streams cascade, to disappear in the debris below. They are fed by 
the snow banks near the crest, in which the Anna Creek glacier has not made a 
decided notch, as have the glaciers of Sun and Sand creeks. 

The moraine-filled valley of Anna Creek, li miles from the lake, has a width 
of nearly half a mile where meadows begin. The meadows become swampy in places, 
with fine pasture on somewhat irregular bottom, and continue to a morainal ridge 
20 or 30 feet in height crossing the valley diagonally to the southwest, where the 
principal stream breaks through. At this terminal moraine the swampy patches cease 
and the valley becomes broad and dry. The stream near the west side, after passing 
the moraine, soon begins to cut into the somewhat irregular surface, where it beconies 
a well-marked plain covered with pumice and studded with pines and firs of moderate 
size. The stream cuts deeper and deeper into the plain as it advances, revealing a 
mass of fragmental material without definite stratification, although in places there 
are lines parallel to the surface of the pumice-covered plain. Three miles from the 
crest, and at least a mile beyond the small terminal momine noted above, the stream 
■exposes the rocky floor of the valley, which is clearly glaciated. The main stream at 
its junction with the west fork, which flows from the large spring near the wagon 
road, is a canyon 300 feet deep in comparatively fine volcanic material, like that of 
the plain above. The wagon road down the right bank of Anna Creek follows the 
plain for miles and affords fine views of the canyon. At the mouth of Pole Bridge 
Creek the plain is hummocky. It has not been leveled off and appears to be 
moramal, perhaps a portion of an earlier terminal moraine of the Anna Creek glacier, 
or of a side glacier along Pole Bridge Creek from Union Peak. This small valley is 
full of morainal material from the Union Peak region, which was also a glacial center, 
as is shown by the striee near the southwest corner of the park. The stri» evidently 
record an ice movement from the Union Peak region north and northwest to join 
the Rogue River glacier from Mount Mazama. The distribution of the moramal 
material suggests another branch down Pole Bridge Creek to the Anna Creek glacier. 
The canyon of Anna Creek above the mouth of Pole Bridge Creek is shown in PI. 
m, B. Below that point it has a depth of 300 to 400 feet, with almost inaccessible 
walls frequently ornamented by columns and other carved forms composed wholly 
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of volcanic material. There are but few places where the stream can be reached. 
It is completely boxed in by cliffs, in which the jointed structure (PL XI) of the 
material is prominent. 

The ice at the mouth of Pole Bridge Creek may have been not, less than a 
thousand feet thick, for it polished the rocks at an elevation of 6,500 feet on the 
summit immediately south of that stream. The terminal moraine of the Anna 
Creek glacier at the time of its greatest extension may have been buried by the 
deposits of the Wood River Valley or the Klamath lakes. 

The glacial phenomena of Anna Creek illustrate quite fully those of all the 
other important streams heading in Mount Mazama and may be taken as a type. 
In general, the moraines of the upper slopes are succeeded by extensive plains of 
sand and pumice, which fill the valleys to great depths and give rise to the box 
canyons in which the streams leave the lower slopes of that great volcano. 

Anna Creek carries a larger proportion of water from the rim of Crater Lake 
than any other stream, for the reason, most likely, that it receives much of its 
supply from the great snowdrifts caught within the southwest portion of the rim 
crest. East of it lie Sun and Sand creeks, both of which occupy well-marked 
glacial canyons. In strong contrast to these are the valleys of Castle Creek and 
other streams which drain the western slope of Mount Mazama into Rogue River 
without perceptibly notching that portion of the rim, unless we consider the gap 
between (glacial Peak and Llao Rock as such. The bowldery moraine surface on 
the Rogue River side of the rim is best displayed at the head of Castle Creek. 
Along the road to the lake and below it are great plains of sand and pumice 
stretching for many miles down Rogue River. Ground moraine is widespread, 
but no conspicuous terminal moraine was noted anywhere on the western slope. 
Possibly it has been covered up, or may have been inconspicuous and overlooked. 

A large glacial stream filled the broad valley between Glacier Peak and Llao 
Rock and spread over the broad plain west of Red Cone to the western border of 
the park, where a remarkable series of meadows occurs, due, most likely, to glacial 
dams at their lower ends. The Rogue River glacier had a width, measured along the 
crest, of over 4 miles, and was probably by far the largest glacier of Mount Mazama. 

The canyons of Sand and Sun creeks are among the most striking glacial 
phenomena of Mount Mazama. The notches they make in the rim are prominent 
features. The canyons are clearly of the glacial form. Their walls are glaciated and 
their floors strewn with morainal deposits, which on Sand Creek are succeeded below 
by the usual box canyon cut in the plain, underlain by thick deposits of volcanic 
material. The canyon is not so deep as that of Anna Creek, and the descent to the 
plain of Klamath Marsh, at the east foot of the mountain, is gradual. In the case of 
Sun Creek the conditions are somewhat different. For 2 miles from the crest the 
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grade is gentle and the broad even floor is on glacial ddbris; then the creek descends 
abruptly, by falls hundreds of feet in height, to a relatively narrow canyon, which 
attains a depth of over a thousand feet, and continues to the plain of the Klamath 
lakes. The canyon walls are composed of dacite, terraced by successive flows much 
older than the gorge. The canyon, which is the great one opposite Crater Peak, has 
a floor of fine material three-fourths of a mile wide, in which the present sti*eam has 
cut an inner canyon 200 feet in depth. This canyon may differ from that of Anna 
and Sand creeks in the amount of filling, but we have no full measure of their depth. 
On the other hand, it is possible that this deep rocky canyon records a condition not 
found elsewhere about Crater Lake. 

The cutting of the canyons of Sun and Sand creeks was the final glacial work 
of Mount Mazama. They are the only ones coming down from the upper portion 
of "the mountain and must represent its principal streams. They would, therefore, 
contain the glaciers which remained after the epoch of general glaciation, during 
which the broad divides between the canyons were ice covered. 

The northeast slope of the rim was well glaciated by masses descending into the 
forks of Bear Creek, especially the South Fork, where the moraine field is large and 
covered with but little timber. A short distance northeast of the cascade on the 
South Fork there is a well-marked lateral moraine, the finest seen anywhere in the 
region. It is a smooth, even ridge 200 feet in height, containing many rounded 
pebbles and bowlders, often striated, and having a final thin coating of pumice. It 
was bordered by two glacial lobes in the lee of a spur heading between Cloud Cap 
and Scott Peak. 

ORIGINAL CONDITION dP MOUNT MAZAMA. 

Thus far the existence of an original Mount Mazama has been assumed. The 
evidence on which this assumption is based may be briefly stated as follows: The 
inner slope of the rim presents sections gf the broken lava flows, which radiate 
from the lake and were evidently effused from a source higher in each case than 
the respective flow in the rim. If the flows of the rim were restored to their 
original size by extending them inward from the rim, they would converge to a 
common source and make a volcano which would occupy the place of the caldera 
and make a prominent peak. Mount Mazama. 

The peak must have had a crater similar in character to that of Wizard Island, 
for it was the source of much fragmental material spread in all directions on the 
mountain slope. 

The former existence of Mount Mazama is indicated also bv the radial dikes 
which cut the rim. They evidently originated from pressure in a column of 
molten material in the chimney of a volcanic peak rising some distance at least 
above the rim. 
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The most convincing evidence of the existence of Mount Mazania on the site 
of (Crater Lake is to be found in the glaciation and drainage of the rim. The 
radiating glaciers, which in their descent scored the crest of the rim, could have 
come only from a central peak. The records of the ice and water drainage from 
this peak in the topography of the rim are unmistakable. 

There can be no reasonable doubt as to the former existence of Mount 
Mazama, but its shape and size are more difficult to determine. Mount Mazama 
is composed largely of lavas similar to those of Mount Shasta, and from the 
slopes of that famous peak we may draw an inference as to those of Mount 
Mazama. Mount Shasta, unlike Mount Mazama, does not stand on an elevated 
platform. It rises with a majestic sweep of 11,000 feet from gentle slopes about 
its base, gradually growing steeper upward to the bold peak. At the height 
of 8,000 feet it has about the same diameter as Mount Mazama at an equal 
elevation in the rim of Crater Lake. Above this Mount Shasta rises over 6,300 
feet. The prominence of Mount Mazama as a drainage center is quite equal to 
that of Mount Shasta, but its slopes on the rim of Crater Lake, ranging from 10^ 
to IS*^', are scarcely as great as those of Mount Shasta at a corresponding elevation. 
On the other hand, the canyons of Sun and Sand creeks on Mount Mazama are 
more profound and have been much more deeply glaciated than any of those 
on Mount Shasta. It therefore appears reasonable to suppose that Mount 
Mazama had an altitude at least as great, and possibly greater, than Mount Shasta 
(14,380 feet). 

From a large amount of data at hand concerning the base of Mount Mazama, 
an attempt has been made to restore its summit, and PI. XII, A^ illustrates the 
result. It is pictured as it would now appear, with a small but distinct glacier 
representing the Anna Creek glacier, which once overflowed the divide westward 
into the Rogue River drainage. * 

From the same general position, but at a somewhat greater elevation, a view 
of the rim as it appears to-day has been prepared by the same artist, and is shown 
in PI. XII, B. 

DEVELOPMENT OF MOUNT MAZAMA. 

Scott Peak is only a large cone adnate to Mount Mazama. It belongs to the 
same center and holds essentially the same relation to it as Shastina does to Shasta. 
The slopes of Mount Mazama reach to the plains at its eastern base, and it is one of 
the largest mountains of the Cascade Range. 

The beginnings of Mount Mazama are now deeply buried beneath the lavas of 
the range, including those displayed on the lower slopes of the great caldera beneath 
the water of Crater Lake. The earliest lavas now visible are those of the southern 
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and western lake border, and when they were erupted the volcano was normallj- 
active, sending out with ita streams of lava large contributions of fragmentnl mate- 
rial to make the heavy conglomerates of the older portion of the rim. The many 
succeeding flows of andesite and layers of conglomerate built up the mountain slope 
to the crest of the rim upon the southern and western side, and Scott Peak, too, had 
attained iU* full development when the peripheral vent^ of baaalt opened and by a 
series of eruptions built up the surrounding country with adnate cones upon the 
out«r slope of the rim of the lake. Then followed the large eruptions of dacite, 
forming Llao Kock and the northern crest of the rim to Cloud Cap. These flows 
occurred during the period of glaciation of Mount Mazama, and streams of lava 
alternated with streams of ice, a combination which doubtless gave rise to extensive 
floods upon the slopes, and filled the \'alleys below with volcanic debris from the 
mountain. In connection with the eruption of these viscous lavas (dacites) there 
were great explosive eruptions of pumice, which was spread for 20 mites or more 
across the adjacent country. The explosive activity of Mount Mazama culminated 
in the eruption of the peculiar dark pumice, rich in hornblende, which followed the 
outflow of the tuffaceous dacite. 

OBSTRUCTION OP MOUNT MAZAMA AND FORMATION OF THE CALDERA. 

After the eruption of the pumice came the revolution which removed the 
lai^e core and the upper 6,004) feet of Mount Mazama and gave rise to the caldera. 
There are only two ways in which this change could have been effected — either by an 
explosion which blew away the top of the mountain or by a subsidence which 
engulfed it. 

The occurrence of vast quantities of pumice for a distance of 20 miles in all 
directions about the base of Mount Mazama is evidence of a most tremendous 
explosive eruption at that point, an eruption the equal of which has not yet been 
found anywhere else in the Cascade Range. Fine material was blown out in vast 
quantities at the same time and by drainage gathered into the surrounding valleys 
which it hlls to an extent unknown, as far as I have observed, on the slopes 
of any of the other great valcanoes of the range." This impressive evidence 
shows conclusively that a late, if not the final, eruption of Mount Mazama was 
explosive, and of such magnitude as to suggest that the removal of the mountain 
and the origin of the caldera may be counted among its effects. This suggestion, 
however, is not supported by the evidence resulting from a study of the ejected 
material and its relation to the lava flows of the rim. The fine material filling the 
valleys, and the pumice throi^hout its great area, are homblendic in character 
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and were erupted in connection with the dacites of the rim. Their eruption, 
therefore, was of the usual type, and not of the kind which removes mountains. 
As far as may be judged from the size of the pumice deposits now exjx)sed in the 
rim, the greatest eruption of that sort of material from Mount Mazama occurred 
before the extrusion of the dacite of Llao Rock, and is evidence that the greatest 
explosion occurred long before the destruction of Mount Mazama. 

There is another matter of importance bearing directly on the explosive 
theory of the caldera which renders that theory wholly untenable and fully corrobo- 
rates the conclusion derived from a study of the character and distribution of the 
pumice. The lava exposed on the inner slope of the rim is chiefl}^ andesite, and 
its relation is such as to indicate that solid sheets of andesitic lava formed bv far 
the larger part of Mount Mazama. If the caldera resulted from an explosion 
this mass of andesitic flows would have been broken to fragments and blown out, 
so as to fall around the caldera and fonn a rim of fragmental material. From 
the size of the lake and the remaining portion of Mount Mazama it is possible to 
compute approximately what the size of the rim formed in this way would be. 
But before we can do this it is necessary to consider the size and shape of the 
caldera, especially of that part which lies beneath the lake. 

To determine the configuration of the bottom of Crater Lake a large number 
(168) of soundings were made under the direction of Major Dutton, who summarizes 
the results as follows:" 

''The inferred configuration of the bottom may be conceived of as a nearly plane 
surface for the most part, upon which stand three abruptly rising prominences. 
The largest of these rises above the surface of the water and discloses itself as a 
large cinder cone. This one [Wizard Island] stands near the western margin of 
the lake. * * * The other two prominences are disclosed only by the plummet, 
for their tops are submerged, one at a depth of about 450 feet, the other at a 
depth of about 825 feet. The depth of the floor upon which these prominences 
stand varies from 1,600 to 2,000 feet. At the deepest cast the wire gave a reading 
of 1,996. To this should be added a small but unknown correction for the stretch- 
ing of the wire, which will make the true depth of this cast fully 2,000 feet. So 
far as known to me this is the deepest fresh water in the United States." 

On the map (PI. VI) the principal soundings are noted. From this data, together 
with information from Mr. W. G. Steel, who was present when the soundings were 
made, the presence of two sublacustrine cones is inferred, and it is clear that a 
large mass of lava spread from the Wizard Island vent over the lake floor. The^ 
great depression toward the eastern margin of the lake may not have been filled up 
any after the caldera was foniied, but it is evident that the depth of the western 
portion has been greatly reduced by the material erupted from the three small 
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vents upon its floor. It appears well within the bounds of reason to assunae that 
1,500 feet is not greater than the average depth of the original caldera below the 
present level of the lake. 

The area of the caldera, as marked out by the crest of the rim, is over 27 
square miles, and its original volume, making some allowance for the subsequent 
refilling from the craters on its floor, is about 12 cubic miles. If to this we 
add 5 cubic miles for the part of the mountain above the caldera — and this is 
a conservative estimate — we get 17 cubic miles of material, for whose dis- 
appearance we have to account. If this material were blown out by a great 
explosion and fell equally distributed upon the outer slope of the rim within 3 
miles of the crest it would make a laver over 1,000 feet in thickness. This mass 
would be so conspicuous and composed of such fragmental material that its 
presence could not be a matter of doubt. There can be no question concerning 
its complete absence, for the surface of the outer slope of the rim exposes eveiy- 
where either glaciated rock, glacial moraine, or pumice, all of which are features 
which belonged to Mount Mazama before its destruction, and no trace of a frag- 
mental rim, such as is referred to above, was found anywhere. 

The phenomena on the outer slope of the rim lend no support to the view that 
Mount Mazama was blown away and the caldera produced by a great volcanic 
explosion. In fact, they completely negative such a view, and we are practically 
driven to the opinion that Mount Mazama has been engulfed. Major Dutton, 
who studied the rim of Crater Lake with a training gained among the active 
volcanoes of the Hawaiian Islands, recognized the wide distribution of the pumice, 
but the absence of a well-defined fragmental rim kept him from attributing the 
origin of the caldera to an explosion. On the other hand, he fully appreciated 
the difficulty of proving that it originated in a subsidence.^ He says: 

" In the Hawaiian calderas the evidences of sinkage are conspicuous. They are 
not confined to the deeper floors of the pits, but are also seen in the partial subsi 
dence of great blocks or slices of the walls immediately enclosing them, and in 
irregular sunken spots in their vicinity, also in the marks of powerful shearing 
or faulting action in the walls themselves. They appear to be correlated to the 
remarkably quiet habits of the Hawaiian volcanoes, to their habitual modes of 
eruption, and to the special structure of the volcanic piles, which do not rise in 
steep conical peaks, but are veiy broad and flat. At Crater Ijake, neither in the 
walls themselves, nor in the immediate neighborhood back of the crest line, have 
any traces of sinkage been observed as yet. Nothing can at present be pointed 
out which suggests the Hawaiian mode of origin, beyond the fact that a vast 
crater is before us. The general structure and habits of the Cascade volcanoes 
are indicative of a more vigorous style of volcanic action than the Hawaiian." 



« Science. Vol. VII, 1886, p. 181. 
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Let US examine briefly some of the possible conditions of engulfment. The 
width of the caldera across the crest of the rim is about half a mile greater 
than at the level of the lake, and Mount Mazama could not have subsided on 
the present inner slope of the rim as one solid mass without profoundly split- 
ting the rim at one or more points. No such cross f ractui'es of the rim have been 
observed/' The mountain, therefore, appears to have collapsed, one part after 
another in succession, probably from the center outward as the support was 
removed. The present inner slope of the rim may not in all cases or even gen- 
emlly be the one formed at the time of the collapse. In some cases, however, the 
inner slope was formed at that time. Of this we have evidence in the behavior 
of the flow at Rugged Crest. It was one of the final flows from the slope of 
Mount Mazama. Before the central portion of the flow, where thickest, had 
congealed within the solid crust. Mount Mazama sank awa}' and the yet viscous 
lava of the middle portion of the stream flowed down over the inner slope of 
the andesitic rim into the caldera. The liquid interior of the flow having 
withdrawn, the crust caved in and formed Rugged Crest, with its peculiar chaotic 
valley of tumbled fragments, columns, and bluffs. Other explanations of the 
peculiar reversed flow of Rugged Crest have been sought but without avail. 
The facts are so simple and so direct that they appear to preclude any other 
hypothesis. 

It would be apparent from the facts also that the collapse of the mountain 
was at least moderately sudden, for it is not at all probable that the Rugged 
Crest flow was long exposed before reaching the present level of the lake and 
the caldera beyond. 

We may be aided in understanding the origin of the caldera by picturing the 
conditions that must have existed during the eruption of the Rugged Crest dacite 
from the upper slope of Mount Mazama. At that time a column of molten material 
rose in the interior of the mountain until it overflowed at the summit, or buret open 
the sides and escaped through the fissure. The rent of the mountain side was caused 
in such cases by the pressure of the column of molten material it inclosed. The 
molten lavas being heavy the pressure of the (column within the mountain was very 
great, and increased rapidly with the height of the volcano. During the final activity 
of Mount Mazama there must have been within it a column of lava rising to a height 
of over 8,000 feet above the base of the Cascade Range. It is possible that this 
great pressure, aided perhaps by some other forces, made an opening formed low 
down upon the mountain slope, allowing the lava to escape. The subsidence of the 
lava within the mountain left it unsupported and caused its collapse. Phenomena of 



a The dikes are in fractures acnws the rim, but they were all formed before the great catastrophe occurred. 
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this sort are well known in connection with the Hawaiian volcanoes. In 1840, 
according to Prof. »I. D. [>ana, there was an eruption from the slopes of Kilauea, 27 
miles from and over 3,<K)0 feet below the level of its summit. At Kilauea the 
summit of the lava column is well exposed in a lava lake. In connection with th(» 
eruption of 18rt0 the lava of the lake subsided to a depth of 885 feet, and the irregular 
walls surrounding it were left without support and broke oflf and fell into the molten 
luatcrial l>elow. During the intervals between the eruptions of Kilauea the molten 
column rises toward the surface only to ))e lowered by subsequent eruptions. The 
subsidences, however, are not always accompanied by an outflow of lava upon the 
surface. At other times it may gush forth as a great fountain hundreds of feet or 
more in height as if due directly to hydrostatic pressure. 

That Mount Mazama disappeared and the caldera originated through subsidence 
seems evident, but the corresponding effusion upon the surface, if such ever 
occurred, has not yet l)een found. It is hardly conceivable that 17 cubic miles 
of material, much of it solid lava, could collapse, be again melted, and sink away 
into the earth without a correlative effusion at some other point. 

The bottom of the caldera at its deepest portion is at an elevation of 4,200 feet 
above sea level, and it is not to be expected that the point of escape would occur 
at any higher level. Klamath Marsh, which lies at the eastern base of the Cascade 
kange, is over 200 feet higher than the bottom of the caldera. This would indicate 
that the effused mass should be sought on the western slope of the range, where the 
4,200-foot contour occurs, along Rogue River, at a distance of less than 12 miles 
from the rim of the lake. The correlative lavas might perhaps be expected to l>e 
dacites closely related to the final flow of Mount Mazama, but on Rogue River the 
lavas are generally basalt, and there is no suggestion of the escape of such an 
enonnous mass of lava as recently as the time of the great collapse. Whether or 
not we are able to discover the corresponding effusion, there seems no reasonable 
doubt that Mount Mazama was once a reality- and that it was wrecked by engulf ment. 

CRATKll LAKE. 

TEMPERATURE OP CRATER LAKE. 

Among those who visited Crater Lake with the Mazamas in 181^6 was Dr. I^rton 
W. Evermann, of the United States Fish Commission, who made some observations 
on its tempemture. He reported that on '^August 22, at a station about 2i miles east 
from the southeast corner of Wizard Island ♦ ♦ ♦ the surface temperature 
was 61^; at a depth of 555 feet, 39^; at 1,040 feet, 41^; and at 1,628 feet, which was 
at the bottom, 46^."" He further remarks that " If there l)e no error in our observa- 

" Mazama. Vol. I. No. 2, p. 2»i. 
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tioiiN, it soeiiiN cortain that the ivattTN of Crater Ijake arc still rwjeiv- 
iiig heat f ix>in the rouks upon which they rest."" His obuorvatioiiM 
were luadf with a Negretti-Zarnhm deep-sea thermometer, tripped 
l>y iiiCHns «f u propeller. Dr. Rveniianii says:" 

"ThooiilyiKwsible source of cri-or which has yet su(fgeatcd itself 
is that the propeller may not always have worked properly. It is 
IxMsihIe that, in some cwicn. when we began hauling up the thornioiii- 
ctcr, the iiropeller failed to reverse until some moments later, in 
which case the reading would be that for some depth other than the 
one desired. This is a possibility, though it seems to me improlmble. 
The observations should be carefully repeated before the concluijions 
suggested by the results should be accepted.'" 

The volcanic rocks of Wizard Island, although recent, are suffi- 
ciently old to have completely cooled oiT. There are no visible f iraia- 
roles or hot springs anywhere altout the lake to indicate local 
remnants of voloanit^ heat, and it was not expected that the l:>ottom 
wat«r would Ixt warmer than the main body of the lake. Dr. Ever- 
mann's observations suggest that the point of latest volcanic activity 
on the floor of the lake is now beneath its surface and possibly near 
one of the two cones located by the soundings. He made only one 
scries of ol)servations to depths beyond 501) feet. 

To settle this matter, if possible, several thenuometers of the 
CHimmon form, but with thick glaiss jackets to withstand pressure, 
were obtained from James Green, of Brooklyn, and a reel having a 
rapi<l winding tittachment wa^ prepared for their manipulation. 
Hard-drawn tinned-steel wire. No. .0+2. was found best suited to the 
work. Each thermometer was placed in a protecting brass tube (A in 
tig. 2), closed by a perforated rubljer cork, and placed in a cylindrical 
bucket 1), Scinches in diameter, having an upward opening valve C at 
each end to allow the water to pass through while the bucket was 
descending, but to hold it confined while ascending, and thus not 
only preserve the tcmjwrature of the thermometer but at the same 
time to furni.sh a sample of the water frtnn any depth desired. The 
stone l> and double hook E were released from the suspending l»ar F 
lit the end of the wire when the bottom was struck. Loops were 
placed on the wire at intervals of ;>0I) feet, so that several thermom- 
eters could be sent down at the same time. After lowering the 
thermometers they were moved vigorously up and down for a few 
minutes to fill each cylinder with water. They were allowed to 
remain there for half an hour to make it sure that the thermometer 
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in each cH8e had ai*quired the temperature of the place. The thermometers were 
raised as rapidly as jwssible and read at the surface. The thermometer from a depth 
of over 1,900 feet reached the surface and was read in less than 4 minutes. Experi- 
ments showed that by changing the water in the cylinder as noted above the ther- 
mometer readily acquired the water's temperature, but with valves closed and water 
confined in the cylinder, as when ascending rapidly, the thermometer was amply 
protected from the influence of the higher temperature of the surface waters. 

In order to eliminate the chances of failure as far as possible we obtained from 
the United States Fish Commission, through the kindness of Dr. Evennann, a 
Negretti-Zambra deep-sea thermometer, tripped b\'^ a messenger sent down the wire. 
He furnished us also the necessary apparatus for using the thermometer. This 
thermometer and the ordinary form noted above were sent down together a num- 
ber of times, and invariably agreed when brought to the surface. The Negretti- 
Zambra several times allowed the messenger to pass the clip without reversing, but 
when registered there is no danger of change by Surface temperature. The two 
forms of thennometers were generally used on the same wire 500 feet apart. 

Observations were made at three widely separated points to a depth of over 
1,300 feet, and the results are given in the accompanying table. The temperature 
of the lake everywhere below a depth of 300 feet is approximately 39^, and the 
bottom contains no appreciable volcanic heat. 
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Temperature of Crater Jjike. 



Depth. 

Feel. 
1 
100 
200 

:UK) 

400 

500 

972 

1,000 

1,30<) 

1,442 
1,472 

1,942 



1. 

Deffreea. 
4H 



2. 

Degrees. 
50 



3. 

Deyreen. 
51 



4. 

Degree)*. 
50 







; 


1 
1 


<'89 


''89 ^39 





DegreeJi. 
52 
''42 
'' 40. 5 
f> 89. 5 
(' 89. 5 
'>89 
b9 



«89 



«39 
(BottoiTi.) 



'':^.5 



<' 88. 5 
(Bottom.) 



''89 
( Bottom. ) 



»Cominc»n form <»f thermometer with thick Klft*w jfteket inclowHl in brfu<8 tube and hiisik'HcIchI in imcket 3i by 
12 inches. 

'» Negretti-Zambra deep-aea thermometer. 

No. 1. July H, 1901, Ma. m., J mile toward Island from Eagle Cove. Thermometer down !)OminuteM: raised from 500 feet 

in 2 minutes. 
No. 2. July 8. 1901, 9.40 a. m., k mile toward island from Eagle Cove. Both common form and Negretti-Zambra sent down, 

but meHsengcr failed to trip Negretti-Zambra. Down 30 minutes; raised in 4 minutes. 
No. 3. July 8, 1901, 10.50 a. m., k mile toward island from Eagle Cove. Thermometer down 30 minutes; raised in 5 minut(*s 

from 1,306 feet. 
No. 4. July 17. 1901, 8.40 a. m. Near deepest part of lake, where line from Dutton Cliff to Cleetwood Cove crosses line from 

top of Cinder Cone, on Wizard Island, to Cloud Cap. Put common form at end of wire and Negretti-Zambra ."HM) 

feet higher. Sent common form down first to 1,000 feet; left down one-half hour and raised in 4 minutes; then 

sent to bottom— 1,942 feet— with Negretti-Zambra at 1,442 feet, and bottom one came up in 8 minutes. 
No. 5. July 19, 1901, 9.10 a. m., i mile south of Cleetwood Cove. Surface temperature, 52°; but at 10.40 it was raised to M°. 

At 972 feet Negretti-Zambra failed to trip and register. This last series was observed by James Storrs and E. \V . 

Herchberger. 

It may be noted also that Crater Lake, although over 6,000 feet above the sea, 
does not freeze over in winter, as do the Klamath lakes, at a much lower level, upon 
the eastern side of the mountain. Mr. E. W. Herchberger, a trapper, saw Crater Lake 
March 15, 1895, without ice. The winter was very cold. At the same time Diamond 
Lake and the Klamath lakes were covered with thick ice. He saw the lake halt a 
dozen other times in the depth of winter from the east and never noted any ice. On 
February 18, 1900, he saw the lake from the west and noted ice over the shallow 
water between the island and the west shore, but none elsewhere. Although the 
lake is always open, Mr. Herchberger never saw any water birds on the lake in the 
winter. 

CHANGES OP WATER LEVEL IN CRATER LAKE. 

An examination of one of the embaj^ed shores of Crater Lake in August or 
September will convince anyone that the lake changes level. Late in June a little 
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cruHtaeean, Dajfhiiui jmlifx pulicaria^ swarms alon^ the shore and attracts other 
minute forms in abundance to the same place. A white deposit comix>sed of the 
remains of these organisms marks the shore line at the upper limit of their abundant 
appearance, and as the season advances lower levels are marked in the same way. 
During the summer, when there Ls rapid evaporation and little or no precipitation, 
the surface of the lake subsides, but during the miny winter it rises again. The 
oscdllation is limited to about 4 feet. The rising and the sinking balance each other, 
so that the lake maintains in general nearly the same level. No observations what- 
ever have l)een made when the water was at its highest stage, which is supposed to 
be early in May, but the lowe>4t turning point was reached in 1901 about the 1st of 
October. The high and low points vary from year to year with the seasons, but the 
change is so gradual and on the whole so small that distinct ))each levels are not 
developed. The lowest water known was observe<l September 26, 1898, when it was 
less than a foot below its level on September 15, 1901. 

August 22, 1896, a gage was erected on the shore of Crater Lake, for the Maza- 
mas, by C. H. Sholes, president, and Eiarl M. Wilbur, secretar>\ The gage was 
made of a board 5^ inches wide and 10 feet long, with scale subdivided to tenths of 
a foot. It was nailed to a log extending from the shore into the water, and zero 
of the scale was placed just 4 feet beneath the water surfac?e, thus allowing the water 
to sink 4 feet without leaving the scale. A copper pocket fastened to the upper 
jmrt of the gage contained a record book, in which visitors at the lake were asked to 
note the height of the water. Fearing that this fragile gage might not escape acci- 
dent from rolling stones or sliding snow, W. W. Nickerson, of Klamath F^lls, was 
requested to insert a bolt in a cliff near the gage and carefully determine the height 
of the bolt above the water and read the gage. In the record book, September 25, 
1896, Mr. Nickerson records the height of the water on the gage 8.425, and adds: 
^'Also strengthened the gage, as requested by Messrs. Diller and Steel, and put up 
coppei* bolt 50 feet to the west of the gage at an elevation of 5.75 feet above the 
present level of the water." The gage was broken off during the following winter 
and cast adrift on the lake. 

August 13, 1901, James Storrs and Fred. Larseo, while making streaiti measure- 
ments, found the copper l)ox containing the record book in 5 feet of water along the 
shore of Danger Bay, about *^\ miles east of Eagle Cove, where the gage had been 
established. The records were well preserved in the took, notwithstanding the five 
years' soaking, and enabled us to find Mr. Nickerson's bolt and reestablish the 
Mazama gage level. We painted the scale shown in PI. XIII, A^ on a rock a short 
distance northwest of Nickerson's bolt, and added a scale also on the rock containing 
the bolt, the rock at the last place being too rough for small divisions. The zero of 
these scales has the same level as that of the Mazama gage, and all known readings 
of the lake level have been reduced to that scale in the following table. 
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B. RAFT ANO EVAPORATING PAN. 
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Waier level of Cfntter Ijake with reference to scale eMabUtihed hy Mazamany ^AugtuU 2ii, 1896, 



Date. 



Sei)teinlH»r 10, 1892 



SeptemlH»r 2«J, 189,S... 



Aiigu»t22, 189<) 



AiigiiHt 30, 1896 . . . 

BeptemWr 4, \ms . 
Keptemlier 5, 1896 . 
SeptemlKjr 13, 189<> 
Si»ptenilHT 2."). \fVM\ 



AujfUHt 1,1897 



July 1,1901.... 
July 20,1901... 
August 1,1901 . 

AujaniHt 16.1901 



Height of 
water. 



Feet. 
4.142 



Sc'pU^mlitT Kli>01 .. 



SeptemlHT 15. 1901 . 



October 12. 1*H)1 



Remarks. 



2. 52 



4.00 



3. m) 

3. 825 
3.820 
3. 500 
.{. 425 



4. 



77 i 



4.9a5 
4.613 
4.42 

4.11 

3. 92 

3.24 

3. 39 



Mr. F. V. Coville found "O. H. Herchl^er^^r, Sept. 10, 1892" 
painted on a detache<l lx)wlder a few yanlH wi'ist of In^at laixl* 
ing, and reports that Aug. 1, 1897, '*the lower end of tlu' 9 
wa8 7} inches l)eneath the surface of the lake.'* 

Mr. F. V. (>)ville found **Dr. Kirchgensner, Heath Kirtthgesfi- 
ner '' " painted on a rock in place a few yards east of the land- 
ing, and reports that "the lower part of the 11 was 27 inches 
Ijeneath the surface of the lake." 

C. H. Sholes and Earl M. Wilbur, president and sei^retary of the 
Mazanias, Portland, Ort»g., established for the society a wi>oden 
gage. Zero of the w^ale was 4 feet beneath the surfwe of the 
lake." 

(The record 4.9 should evidently be 3.9, a*' the lake surface was 
sinking.) 

J. S. Diller, observer. ( Rate of fall a day for 13 days, 0.01:^5 f(X)t. ) 

E. B. Barrows, ol>server. 
Thomas Croxton, ol)server. 

W. W. Nickerson, observer, who lixe<l Imlt in rock west of gage 
and 9.175 feet al)Ove zero of Mazama sc^ale. (Rate of fall a 
day for 34 days, 0.0169 f(M)t. ) 

F. V. C>)ville made a mark " 3 ft." on rock 250 yanls east of foot 
of trail, and another " c" on a rock 60 yanls west of trail. Zero 
of Cpville's scale=4.77 of the Mazama scale. The remnant <)f 
the old Mazama gage has sul)side<l considerably since Mr. 
Coville' 8 ol)servations. 

J. S. Diller, observer. 

J. S. Diller, oliserver. (Rate of fall a day for 19 days, 0.0155 foot. ) 

E. W. Herchl)erger, ol)server. (Rate of fall a day for 12 days, 

0.0158 foot. ) 
E. W. nerchl)erger, obaer\er. (Rate of fall a day for 15 days. 

0.026<ifoot.) 
E. W. Herchlwrger, ol)server. (Rate of fall a day for 1(> days, 

0.0118 foot.) 
E. W. Herchberger, ol)st»rver. (Rate of fall a day for 14 (lays, 

0.048<) foot.) 
E. W. llerchl)erger, oliserver. (Rate of riV a day for 29 days, 

O.Oail foot. ) 



Average rate of fall from July 1 to September 15 (77 days), 0.0236 foot jht «lay 

uTht*se innrks could not Ik* found in July, 1901. 
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Summary of fluctuations of Crater Lake. 



Period. 

1896. 

AufniBt 22 to September 4 

September 4 to September 25 

1901. 

July 1 to July 20 

July 20 to September 15 

Averajje for 



Number 
of days. 


Rate of 
subsidence. 




Fool. 


13 


0. Oi:i5 


21 


.0190 


19 


. 0155 


58 


.0236 


111 


.0179 



At this rate in 365 days it would sink only 6.53 feet, i. e., 7H inches, which is 
much more than the annual precipitation. However, in this consideration it must 
be remembered that the rate of loss noted is entirely too great for the winter, 
when evapoi'ation is much slower than in summer. 

No positive evidence has been observed anywhere on the inner slope of the 
rim that the lake was ever considerably higher or lower than it is to-day. The 
complete absence of beach lines above tho.se of the present level of the lake is 
conclusive that the lake never stood higher, but marks of any kind as to lower 
levels would be submerged. The shore line at many points is a st(»ep bluff of 
rocks, but at many places, e.specially at the foot of small gulches, of which there 
are a great many, an alluvial cone shallows the water sufficiently so that the l)ot- 
tom is visible for nearly 200 feet from the water's edge. Where widest these shore 
deposits are relatively a very narrow fringe about the margin of the lake, making 
only a slight shoulder on the steep slope which extends from the top to the bottom 
of the rim. 

It noay be of sufficient interest to warrant mentioning here certain misleading 
evidence which may appear. Ih 1896 a tree was found near the west shoix* of 
Wizard Island standing erect in 37 feet of water. The trunk was broken off just 
above the water level, and the roots at the base were seen through the clear water 
on the bottom as if the tree grew where it was standing. It could not be shaken 
from the boat, and it was evident that if the tree grew where it was standing it 
proved the lake to have been much lower than now at a recent time. Sufficient 
baling wire was secured to reach the shore, and it was discovered that the tree 
had no hold upon the bottom. It had drifted from the shore of the island. In July, 
1901, the same tree was off the north edge of the island, at least one-fourth mile 
from its position in 1896. Owing to the steep slopes of the rim a tree frequently 
slides into the water in an erect position, and the lower part becoming water-logged 
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it floats about the lake with only a few feet of the top projecting above the water, 
and thus furnishes a spectacle curious enough to excite the imagination. 



EVAPORATION FROM CRATER LAKE. 



The observations upon the oscillations of the lake surface appeared to show a 
greater loss of water than would be accounted for by evaporation alone, but to get 
more definite data concerning the matter arrangements were made to determine 
approximately the rate of evaporation on the lake surface. For this purpose a tin 
evaporating pan 13 inches square and 6 inches deep was used. To avoid the bright 
reflections its inside was painted dirt brown with pitch and soil. It was suppoiled 
on a raft (PI. XUI, B) so that the lower part of the pan was in the water of 
the lake. The raft was anchored in an open bay where the water was 7 feet deep 
and freely agitated by the winds, but the waves did not move quite so high as on 
the lake. For this reason the evaporation from the pan was possibly less than that 
of the lake. 

The following table gives the observations made at the lake in 1901: 

Observations of evajwraiion from Crater Ixike. 



Date. 



Time of uIh 
Hervation. 



Temperature. 



Air. 



Water. 



I^ke. Pan. 



, Heij<ht 
!of water. 



Time 'Amount of 
of water lost 
expo- by evapo- 
sure. ration. 



July 7 12.20 p.m. 

8 12.45 p. 111. 

9 3.20 p.m. 

11 2 p.m. 

la 8 a. m. 

1« .. 9.30 a. m. 

17 12.15 p.m. 

20 4.45 p.m. 

Total 



Derjs. I Degn. , Degs, 
58 52 52 



58 
58 
64 
48 



52 
56 
54 

48 



58 
60 
60 
48 



52 


48 


50 


55 


48 


.54! 


58 


52 


5« 



Feet. 

0.420 
.410 
.4a5 
.380 
.420 
.360 



Days. Feet. 



1 

t 

1 i 
2 
2 
3 



0.01 
.015 
.025 
.02 
.06? 



Remarks. 



.400 
. 375 



1 

3 
10 


.01 
.045 

.125 



Fille<l to 0. 42. 
Fillet! to 0. 44. 

I)i8turl)e(l by broo<l of wild 
duckH — no good. FilUnl 
to 0.41. 

Filled to 0. 42. 

(Omitting obwervations of 
July 16.) 



During the day the air and the water in the pan became warmer than the water 
of the lake, and during the night they became colder. Twice a day the temperature 
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upon the inner slope and furnishes many avalanches to the lake during winter 
as well as many small streams in summer. Sixtv-three small streams were eloselv 

w •■ «^ 

estimated or measured by running them over a weir at the end of a trough, and it 
was found that during the time we were there they added to the lake 10.754 cubic 
feet per second, or 929,145.6 cubic feet per day. The area of the water surface of 
the lake is approximately 20.42 square miles, and the water added to the lake in a 
day, although it seems large in the streams, would raise its surface only 0.(M)(X>2 
foot, an amount which is not appreciable. 

OUTLET OF CRATER LAKE. 

Crater Lake has no visible outlet, nor any other reaching the surface directh' 
within a few miles, for if such were the (lase the water would issue with great 
for<^ on account of the pressure. If there are outlets at lower levels the route 
to the opening nuist l>e long and tortuous, so that the friction completely overcomes 
the pressure and allows the water to issue as from an ordinary spring. 

The annual precipitation in the region, roughly approximated years ago by Mr. 
Grannett and republished by Mr. Russell, was given as from 60 to 70 inches, while the 
annual evaporation, by the same authority, is 40 to 50 inches. 

We may get a suggestion as to the precipitation in the region from the snow 
line marked by moss on the trees. On the southwest portion of the rim the snow 
line ranges from 5 to 20 feet al)ove the ground. The variation is due to drifting. 
On Wizard Island among the trees the wind has nmch less effect, and the snow line 
is sharply marked 12 feet from the ground. This probably represents a fair 
approximation to the average depth of snow. Most of the precipitation is snow, 
although there is some rain. There is considerable snow properly included in the 
precipitation estimate, but not represented in the snow line. 

Measurements were made in a 12-foot snow bank -near tump to determine the 
water equivalent for such a bank of snow. The average of a number of trials at 
different levels, which differed but little among themselves,' was that 87 inches of 
snow yielded 22 inches of water. The snow was probably more compact than 
that of the island, but it was not saturated with water, for we failed entirelv to 
get water from snow holes, as we had done in previous years. The snow, was dry. 
Twelve feet of such snow would equal about 85 inches of water, and it is l>elieved 
that the average annual precipitation for that region is nearer 80 than 70 inches. 

The peculiar position of the ealdera on the summit of the broad range greatly 
increases th(» catchment of the basin, for the winter storms from the south and 
southwest drift vast quantities of snow from the gentle outer slopes of the rim 
across the crest, to lodge in great banks on the inside. It seems evident, there- 
fore, that much water must escape from this closely landlocked lake by percolation 
In^sides that which leaves by evaporation. 
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It was for the purpose of getting, if possible, an approximate measurement 
of the amount thus lost by percolation that observations were made last summer 
of the evaporation and inflow at the same time that the sinking of th(» lake 
surface was measured. From these observations it ap|>ears that while the lake 
sank at the rate of 0.0155 foot per day, notwithstanding a small influx, the loss by 
evaporation was only 0.0125 foot per day. In other words, an amount e(|ual to 
al>out one-fourth of that lost by evaporation escapes by percolation through the 
porous base of Mount Mazama. 

The walls of the caldera inclosing the lake are made uj) of alternating sheets 
of lava dipping away from the lake practically in all directions, and are so porous 
as to afford easy passage for much water. Springs are abundant and remarkable 
in size, especially on the southeast side, along a fault which forms a blutf extending 
from Modoc Point by Fort Klamath far up directly toward Cniter Lake. 
It is very prolmble that this fault, cutting the old lavas of Mount Mazama, affords 
an outlet for nuich of the water that percolates through that portion of the rim* 
Much of this spring water ap[)ears to be appreciably warmer than that of the main 
body of Crater Lake. 
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THE PETROGRAPHY OF CRATER LAKE NATIONAL PARK 



By Horace Bushnell Patton. 



HYPERSTHENE-ANDESITES. 

The andesites are the oldest of the volcanic rocks of Crater Lake and form 
the great bulk of the exposed rocks. Thet are all hypersthene bearing, and may 
therefore be classified as hypersthene-andesites. But in spite of the fact that they 
may all be placed under this one head, there is a remarkable diversity in their 
external appearance, inasmuch as they vary in color from black to light gray or light 
drab and in texture from vitrophyric to holocrystalline. This diversity of texture 
and color is confined, however, to the groundmass; that is to say, the phenocrysts, 
although they may show many and varied distinctions, do not appear to be depend- 
ent in their variations upon the character of the groundmass to any very great 
extent. In the following description of these rocks the phenocrysts will be first 
considered, as they occur in all the andesitic varieties, while the groundmass will 
be described in connection with the discussion of the different varieties, which 
depend entirely on the variations of the groundmass. 

MINERAL COMPONENTS. 

The phenocrysts of these rocks are basic plagioclase, hypersthene, augite, 
and magnetite. The last-named mineral, to be sure, does not appear as a pheno- 
cryst in the hand specimen, but it is always present and belongs in part to the crys- 
tallizations of the first generation. To the above should be added olivine and 
hornblende, which are very seldom present. 

PLAGIOCLASE. 

As a phenocryst plagioclase occurs usually in stout crystals with sharply 

developed faces and rather numerous crystal forms, such as have been repeatedly 

described as characteristic of andesites in general. The most prominently developed 

form is usually the brachypinacoid (010), the habit of the crystal being thick-tabular 

parallel to this form. The next most prominent form is the basal pinacoid (001), in 

d9 
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addition to which may usually be found a macrodome, probably (101), and the two 
paitial prism-s (110) and (ITO). This habit causes sections parallel to the brachy- 
pinacoid to have hexagonal shape and sections cut perpendicular to this face to have 
very often rectangular or five- or six-sided shapes. The plagioclase crystals usually 
measure 1 or 2 millimeters in longest diameter. At most the dimensions reach 3 or 
4, but not infrequently are considerably less than 1 millimeter. They are nearly 
always abundant, but macroscopically are conspicuous only in case of the dark- 
colored specimens with glassy groundmass (2, 3, 17). In the hand specimen these 
plagioclases are nearly always perfectly fresh and glassy. They can not readily be 
distinguished from sanidine, owing to ap[>arent absence of cleavage and twinning 
striations. 

In a few cases twinning appears to be entirely absent, even in thin sections, but 
usually the customary albitic twinning is very pronounced. This may be developed 
in a few broad bands or in manv thin ones that mav or mav not extend across the 
ciTstal. Not inf requenth' twinning striations at right angles to the fii'st and pro- 
duced by the application of the pericline law of twinning are to be seen. Crystals 
thus twinned may be still further complicated by the presence of twinning after the 
Carlsbad law. 

Maximum extinction angles measured to the right and to the left of the trace 
of the albitic twinning plane on sections cut at right angles to the brachypinacoid 
indicate, in almost every case that these plagioclase phenocrysts are ver}^ basic and 
are to be classed as anorthite. Out of a large number of such measurements the 
following may be given as indicating fairly average results. In each case the 
angle given is the largest that was noticed in the specimen referred to. 

Maximum extinction anglen of plaffioclase. 

No. 41 24*» 

Nofl. 9, 43 26** 

No. 44 27*» 

No. 65 28*» 

Noe. 11,24,31,35 30*» 

No. 6(5 31*» 

NoH. 2, 8 33* 

NoH. 3,42 35*» 

No. 79 38*» 

It is not to be inferred from the above that the smaller number of degrees nec- 
essarily gives the actual maximum extinction, inasmuch as it is not always possible 
to find a crystal cut so as to give such angles. 

Almost invariably these phenocrysts show a well-developed zonal structure. 
This is very much more marked in sections parallel to the brachypinacoid than 
in those cut perpendicular to that face. The general rule in such cases seems 
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to hold true here also, namely, that the extinction angles near the margin of a 
crystal are less than near the center. In No. 79 the crystal whose extinction 
angle is given above as 38^ for a section cut at right angles to the brachypina- 
coid gave at the margin an extinction angle of onl}^ 30^. This difference of 
eight degrees for su(;h sections, while i)erhaps not rare, is larger than ordinary. 
In very many cases the difference in such sections is not marked. The 
different extinction zones sometimes afraduallv shade into each other; sometimes, 
however, the transition is abrupt, or relatively so. Not infrequently a narrow 
margin will show a notedly smaller extinction angle than does the rest of the 
crystal. In still other cases the crystal may be divided into very irregular 
patches that show either undulous extinction or somewhat different appearing 
zonal banding in the different parts. A recurrence or alternation of bands that 
show respectively greater and smaller extinction angles in the same crystal is by 
no means rare. 

As is customarily the case in andesitic rocks, these plagioclase phenocrysts are 
often characterized by inclosures. These embi*ace glass, augite, hypersthene, mag- 
netite and apatite, as well as other not well-chai'acterized substances. With the 
exception of glass these inclosed substances are only occasionally met with, and then 
anv one or more or even all of them mav be seen in the same crvstal. Even glass, 
which is so often characteristic of andesitic plagioclase, is by no means always 
present. In some cases none of the plagioclase phenocrysts contain such inclosures; 
in other cases some phenocrysts may contain none while others may be filled or 
perhaps contain only scattered inclosures. These glass inclosures are usually very 
irregular in form, but they may also be simply spherical, or oval, or polygonal. In 
color they are sometimes a clear deep brown and are either absolutely free from any 
crystalline matter (17), or else in inclosures of the same brown color there ma}^ be 
seen microlitic inclusions of augite and magnetite, exactly the same as are to be 
found inclosed in the brown glass base of the groundmass (lf>, 6), or, again, a 
minute gas bubble (6, 26, 17). Such gas bubbles are apparently much more apt to 
occur in brown glass inclosures in the plagioclase phenocrvsts than in the colorless 
glass inclosures referred to below. Brown glass inclosures are confined -mainly to 
those andesites that have an abundant brown glassy base and that belong to the 
hyalopilitic type. But exceptions to this rule have been noted (42) where a some- 
what paler glass occurs inclosed in plagioclase phenocrysts that are embedded in a 
hypocrystalline groundmass in which little or no glass base can be readily identified. 
In this case it is of interest to note that a pale-brown glass of the same color as that 
of the inclosed glass, and practically free from microlitic or other crystals, occurs in 
more or less isolated areas formed by the meeting of several phenocrysts of plagio- 
clase or of other minerals. Brown glass inclosures occur nearly always isolated or 
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sparingly scattered through the crystal and not conspicuously parallel to the out- 
lines of the phenocryst. There are, however, a few cases where this brown glass 
thickly crowds the crystal or a part of it, or occurs in a zone intermediate between a 
clear center and a clear margin, exactly analogous to what is descril)ed below as 
more characteristic of the colorless glass inclosures in feldspar. 

Colorless glass inclosures of ver}' irregular shap& and fair size thickly crowding 
the mass of the feldspar so as to leave the latter in a sort of skeleton form are by no 
means rare, but they can not be said to be so characteristic as are similar occur- 
rences that will })e described in connection with the dacites of Crater Lake. 
Usually colorless glass inclusions are very minute in size and are densely crowded 
together so as to give the feldspar a clouded appearance. Such glass inclusions^ 
however, are almost never free from crystalline matter, but contain more or less 
well-defined material similar to that seen in the groundmass of the hj^pocrystalline 
andesites. Owing to this crystalline matter of the glass inclusions the feldspars are 
rendered not only cloudy but appear dirty, as though fine emery dust had been 
ground into them. These very minute glass inclusions are not always fresh, but 
may contain at times ill-defined doubly refracting decomposition matter. The dis- 
tribution of these beclouding glass inclusions is extremely varied. Sometimes they 
fill the whole of the crystal mass, although they nearly always leave a clear outer 
margin. At other times they are aggregated in the central part of the crystal, 
while still again they may occur in an intermediate zone, leaving l)oth the center and 
the margin clear. In the last case this clouded zone may be rather broad and not 
sharply defined either toward the center or toward the margin, or it may be narrow 
and then more sharply delimited. In general the outer edge of this zone is apt to 
be more clearly defined than is the inner edge. 

These thickly crowded glass inclosures are not to be found in all the plagioclase 
phenocrysts of the same thin section, nor even in all the phenocrysts of the same 
general habit. Sometimes they are to be seen in only two or three, while the 
rest are entirelv free from such inclosures. Their occurrence seems to bear some 
sort of relationship to the character of the groundmass, more particularly to the 
amount of the glass present in the groundmass. As will appear later, the andesites 
of Crater Lake will be treated under several heads, based upon the nature of the 
groundmass. Of these there are three main types, namely: 1, Those with holo- 
cr3^stalline groundmass; 2, those with hypocrystalline groundmass; 3, those with 
hyalopilitic groundmass. The last-named type contains an abundance of brown 
glass, the second considerable, but not so evidentl)" developed glass, and the first no 
glass at all. The relationship of these dense inclosures to the amount of glass may 
be indicated by the following comparison, which is confined to those phenocrysts 
that show well-chai*acterized inclosures of thickly crowded glass with a clear margin 
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of feldspar outside: Out of sixteen thin sections of andesite with holocrystalline 
groundmass, only two, or 12i per cent, contain such inclosures; out of twenty-one 
sections of the hypocrystalline type, eleven, or 52i per cent, contain such inclosures; 
and out of twenty-one sections of the hyalopilitic type, thirteen, or 62 per cent, con- 
tain plagioclase of this description. It would seem, therefore, that the presence of 
glass in the groundmass has something to do with the crowding of certain of the 
feldspars with glass inclusions. It should further be stated that plagioclase crystals 
that have suffered partial resorption, so as to appear in more or less rounded forms, 
have a stronger tendency to contain such crowded glass inclusions than have those 
crystals that do not show such resorption. It should also be stated that the above 
comparison does not take into account the very abundant, but larger and more 
isolated, inclusions that do not have a marked tendency to occur in an intermediate 
zone. No such law seems to apply to such inclusions. 

The mineral inclosures in plagioclase are not often very abundant. Magnetite 
occurs in the customary small octahedrons or in grains and apatite in sharp needles 
or slender prisms. Augite and hypersthene are usually to be seen in roundish 
grains that have the same color and general appearance as when not inclosed. At 
times there is to be seen a slightly greenish, finely and irregularly granular mineral, 
associated with the glass inclusions, that appears to resemble augite more than any 
other mineral unless it be epidote; but the great freshness of these rocks would 
seem to exclude the last-named mineral. Another inclosed mineral, that occurs 
in roundish or oval form and has a slightly yellowish color with rather strong 
refractive powers, may be zircon, but no sharply fonned crystals of zircon were 
noted. 

Resorption phenomena are very common in connection with these plagioclase 
phenocrysts. They are seen in the roundmg of the corners or in the further eating 
into the feldspars so as to leave them Tn round grains or in the form of embayments. 
Such corroded feldspar crystals, as stated above, are peculiarly liable to be filled 
with glass inclusions to such an extent that there seems to be but a skeleton of 
feldspar filled with glass. These corroded crystals almost invariably show a clear 
margin of later growth. The formation of an intermediate zone of glass inclusions 
is also very strongly developed, and in this case the outlines of the clouded zone are 
clearly parallel to the outer edge of the newly extended crystal, except where, 
occasionally, the clear margin has developed new crystal faces. In discussing this 
well-known phenomenon Professor Rosenbusch says:** 

*' Evidently a period of resorption of the already crystallized feldspars is fol- 
lowed by one of rapid addition of new feldspar substance, during which the glass 
inclosures which are taken up in great quantity on account of the mpid growth 

a Mlkroskopische Physiographie. Sd edition, Vol. II, 1896, p. 867. 
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must arrange themselves parallel to the deformed periphery. Then came a period 
of slow growth, with the consequent freedom from interpositions, and the effort to 
produce regular crystallographic restoration." 

This explanation is plausible and is possibly strengthened by the fact above 
noted — that the development of this intermediate zone seems in some way dependent 
on the amount of glass present in the groundmass. It would seem that the period 
of resorption was followed, in case of those andesites that have developed a hblo- 
crystalline groundmass, by a period of slow cooling, which was not favorable to the 
incorporation of numerous glass inclusions and which continued practically uninter- 
rupted until the whole rock became solidified. Still it does not seem clear just why 
this phenomenon should be dependent on the present condition of the groundmass, 
for both the holocrystalline and the partially glassy groundmasses must have been 
fluid during the period of resorption which is common to both. Another fact often 
observed in studying these rocks does not seem to fit in with Professor Rosenbusch's 
explanation. It is this: That the inner line of these intermediate zones is not always 
as sharp as is the outer one. In fact, it may be quite irregular and not sharply 
defined, as it should be. In such cases it more closely resembles the^ gradual 
encroachment of alteration products upon a clear and unaltered interior. Such 
feldspar crystals have the appearance of having been honeycombed in the process 
of resorption, the pores thus produced being filled with the surrounding glass. 
Such a honeycombing, if possible, would not necessarily advance into the interior 
of the crystal equally in all directions nor leave always a perfectly sharp line of 
separation. 

The above-mentioned glass inclosures in plagioclase phenocrvsts, as well as some 
of the resorption phenomena and subsequent new growth, are brought out in figs. 
A^ B^ C\ and I) of PI.- XIV (page 76) and in the photomicrographs presented as 
figs. A, B, and D of PI. XV (page 80). Figs. A, B, C, and D of PI. XIV illustrate 
the distribution of glass inclusions similar to the groundmass; also the clear margins 
of later growth, free from such inclusions. The glass inclusions are rendered black 
and often opaque through included magnetic dust. 

In addition to the plagioclase crystals already described, there is very often pres- 
ent a phenocrystic plagioclase that occurs in long to short rectangular sections with 
square, diagonally extinguishing cross section. These are crystals elongated parallel 
to the crystallographic axis, and similar, therefore, to the microlitic plagioclases of 
the groundmass of andesites and basalts. In most cases they are entirely distinct 
from the groundmass plagioclase, as well as from the above-described phenocrysts. 
They sometimes form the only plagioclase phenocryst present, but at other times 
they occur together with the first-described kind and form a second generation of 
phenocrysts. This type of plagioclase is characteristic of the lavas of Wizard 



PLATE XI\ 



T 



75 



FM>ATK XIV. 

frttrmAiJi i^ ani^f^itk, iMrixK. an'i> basalt. 

Vu*. A. f1rt<fi/i^la#»<' in hyaJ/»pilit.i/: ar»/l^*it>- /rorn Siirifl Cnr^rk. MaioiiriMl 'iTwliameterB. Sped- 
r/»^rf» V/r //. T)»*' sflA(»<« ifKlfij'for)?* ftr*' main I y a tu^xutA t/» h narrow />»n<? n^-ar the margin. Has under- 
s^^/r»^' ^^rfial f^»*tif\A'\i,u ar>^l -^'//^nrlary #!nlarjf<'m*rnt. 

►"»/> // \*\f^M ti \i%jH' in hvalof^litir an/l«'»*iN' froin Anna('nr<fk. Mafrriifieri 60 diameterB. Sped- 
rn/^i \'/; 10. ObiAv in/-lu«iorii« an- uniformly ^iiHtriSiiti'd in rath«;r lar«(f and irregalar patches. Hm 
nttfU'titoht- rf"*ftr\titf.ti an/l •'lij^ht «^'r/»n'lary ♦•rilarj(«'ment. 

Fi/> ^' i'Un(iff(\iiM4- in hy^i^'f ry»*fallin«' andf'HiN' from waU^r^H (^l^e under Llao Bock. Magnified 
t'^t (UftthtU't't ^'ift'Ciinttt No .'II. ^rliiMM inrjiiHioriH uniformly and thickly diiitributed thronghoat the 
ofifcrinal /ry^tal M^-* 'MKhTi/on*- w^rondary ♦•nlarj(<'m«'nt without n"»»f>rj)tion. 

^'i/* // \'\iii('u'*\»'^' in hyfM^fryHfallin*' nnH<f<it4' frrmi (irotU> (kive. Magnified 30 diameters. 
"^Iti'f 'tit It'll No /Vr '/l»'(fi in/'liiMionH uniformly and thirklydiMtributod, original crystal partly resorbed, 
rtfi'l M JNi/jin/lfirv <'nhirfcf<'m«'nt |ironoiinrinl. 

Pio A' AnHiMifi. tit wati'r'M i'di(f went of l<kiKh< ( W(?. Magnified 00 diameteiv. Specimen No. 
11 rtli/»w« H pli«nM-ryM of aiitfiti' Hirround<*d in |iart by a rim of pafftllel growing hjrpenthene. *8ee 

f'lo /' A jilatfiorlaiMi \i\wu(H'ryni, Vnnn the vltrophyric dadte of Uao RodL Maipiified 00 
iUnwtU^rf Hp<Mim<tn No. 102. PolaHxed light with ( i WH Wi d nloob. 8hoW0 diitinct sonal stmctare 
Hn«l f HO dlMctlonpi of ch^iivHgfs i)i<< I«m1 parallel tfi the msmUI fioe near to the figure 3 and the pris- 
matir )mmll(«l to th(« lontffwt Nld«i. Tlie Motion In cmt nearly parallel to the brachypinacoid. The 
)nf«^rm*Ml)Hf4i ^hcll 2 Iff inori* tiai4(f than In the ranter. Hee page 101. 

Km, N, A tntntitit fifldft}iar tiryiital (Hmtftlnlng a largo inrhimire of brown glass with outlines 
iwfttllfl Ut f lii» Md««iinf iUp oryirtal. Knim the vltmphyricda<!ite of Llao Rook. Magnified 400 diameters. 
H\mv\uwu No. lot. ThiM glaup ln«illlft)on (Yintalnw a Mingle gas bubble whi(*h appears like a broad black 

ring. H^i«* \tim^ ion. 

\fUi, //.- -(lomHlml horn bimido crystal with n^>r[)tion rim of augite and magnetite. From the 
i\tiv\\P of UrottM* llllti MMgnlflnd 2(X) diameters. SixHlmen No. 105. See page 111. 

Kum. /, J, K,--ikyitim\n found In the cavities of basalt from the lyase of Red Cone, No. 156. Figs. 
/ Ntid J art* hy|i«>rfif h«tni* and fig. A' is ii«HMulobr(M)kit(\ Sei* pages 140 to 148. 

Km. //.— Ollvhif* phmicHTysl. From the basalt of Desert Cone. Magnified 65 diameters. Speci- 
tumi N<i. \VM, Alt4*raiioti pr<Klu<!t is like that of tig. M, but alteration is not so far advanced. Contains 
a plMgi(N«tltm« (Tystal proJtH*tlng ifito the side. See pagi» 153. 

Km. M. —An olivine pheno<Tyst almost completely altered to an ()paque mass of which magnetite 
ap^Kmnt U* fonn the tiulk. From the l>asalt on the inside of the crater of Red Cone. Magnified 110 
dlani(«U*ni. H|HH*lnien No. 174. See page 155. 
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PLATE XIV. 

CRYSTALS IN ANDESITE, DACITE, AND BASALT. 

Fio. A. — Plagioclatie in hyalopilitic andesite from Sand- Creek. Magnified 30 diametere. Speci- 
men No. 5. The !:lai« iDClusionn are mainly confined to a narrow zone near the mai^in. Has under' 
gone partial resorption and secondary enlai^ment. 

Fio. B. — Plagioclatie in hyalopilitic andevite from Anna Creek. Mafpiified 60 diameters. Speci- 
men No. 10. Ulat« iiicluHiuiie are uniformly distributed in rather large and irre^lar patehee. Has 
undei^ne resorption and slif^t secondary enlargement. 

Fio. C — Plagiot^lape in hypocrystalline andesite from water's edge under Llao Rock. Magnified 
60 diameters. Siiecimen No. 31. Glass inelusioni< uniformly and thickly diatribuled throughout the 
original crystal. Hau undergone secondary enlargement without resorption. 

Fig. li. — Plagioclase in hypocrystalline andesite from Grotto Cove. Nfa^ilied 30 diameters. 
Specimen No. 55. Glass inclusions uniformly and thickly distributed, oripnal er>-8lal paHJy resorbed, 
and a secondary enlargement pronounced. 

Fici. K. — Andesite at water's edge west of Eagle Cove. Magnified 60 diameters. Specimen No. 
11. Shows a phenocryst of augite surrounded in part by a rim of parallel growing hypersthene. See 
page 82. 

Fio. F. — A plagioclase phenocrj'st. From the vitrophyric dacite of Llao Rock. Magnified 60 
diameters. Specimen No. 103. Polarized light with crossed nicols. Shows distinct zonal structure 
and two directions of cleavage, the basal parallel to the small face near to the figure 3 and the pris- 
matic parallel to the longest side. The section is cut nearly parallel to the brachypinacoid. The 
intermediate shell 3 is more basic than is the center. See page 101. 

Fio. G. — A minute feldspar crystal containing a lai^ inclosare of brown glass with outlines 
parallel to the sidesof the crystal. From the v it rophyric dacite of Llao Rock. Magnified 400 diameters. 
Specimen No. 101. This glass inclusion contains a single gas bubble which appears like a broad black 
ring. See page 106. 

Fio. H. — Corroded hornblende crystal with resorption rim of augite and mi^^tite. From the 
dacite of Grouse Hill. Magnified 200 diameters. Specimen No. 105. See pi^^ 111. 

Fioe. /, /, K. — Crystals found in the cavities of basalt from the base of Red C-one, No. 156. Figs, 
/and J are hyperst bene and fig. A' is pseudobrookite. See pages 146 to 146. 

Fig. L. — Olivine phenocryst. From the l)asaltof Desert Cone. Magnified 65 diameters. Speci- 
men No. 169. Alteration product is like that of fig. M, but alteration is not so far advanced. Contains 
a plagioclase crystal projecting into the side. See page 153. 

Fio. IS. — An olivine phenocryst almost completely altered to an opaque mass of which magnetite 
appears to form the bulk. From the basalt on the inside of the crater of Red Cone. Magnified 110 
diameters. Specimen No. 174. See page 155. 
76 
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Island (19, 20, 25, 30, 95), but is not confined to that locality. In No. 21, from 
Sentinel Rock, this type of feldspar is represented, one crystal of which was noticed 
cutting clearly through a small hypersthene phenocryst. As hypersthene is one of 
the oldest ingredients in these andesites, this would indicate that these plagioclase 
crystals cAn not be considered as part of the groundmass. This is exceptional, 
however, as in most cases the plagioclase is distinctly younger than hypersthene. 
They do not appear to be much less basic, if at all, than the plagioclases of the first 
generation (20 gives maximum extinction angles on sections perpendicular to the 
brachypinacoid of 30^ and 33^). They are usually free or nearly free from inclu- 
sions, but they may contain glass inclusions and even be crowded with the same. 

From the above it appears that, taking into consideration the plagioclase of the 
groundmass, this mineral occurs in many of the Crater Lake andesites in three 
distinct generations. The two generations among the phenocrysts are usually quite 
sharply defined and readily recognized, but this is not equally true as between the 
second generation and the third or that occurring in the groundmass. These two 
are apt to shade into each other. In certain instances it is more than possible that 
still another generation may be present. Three generations of plagioclase are 
brought out in fig. D of PI. XV, which also illustrates a more or less pronounced 
transition between the plagioclase of the groundmass and that of the second 
generation. In this case the groundmass feldspars are mostly too small to be 
readily discernible in the illuvstration. 

The plagioclase of the groundmass varies greatly in size and habit in accordance 
with the degree of crystallization. In the more glassy andesites it is very apt to 
assume distinctly microlitic form, so that the microlitic laths may not measure more 
than 0.005 millimeter in diameter; but more customarily they are considerably 
larger than this and develop long and short lath forms that gradually pass into the 
smaller phenocrysts, so that a distinction between the two is not always easily made. 
Usually these plagioclase laths show extinction angles that are not very much smaller 
than those of the phenocrysts. For instance, one rock that shows symmetrical 
extinction angles of 28^ and 80^ among the phenocrysts contains groundmass laths 
with extinctions of 24 , 26^, and 27 . The polysynthetic twinning is not always 
distinguishable, but where this is apparently absent an undulous extinction is very 
common. In certain of the holocrystalline andesites two generations of feldspar are 
to be seen in the groundmass — first, an older, lath-shaped variety with developed 
twinning striae, and, second, an irregularly developed residual feldspar that usually 
does not show twinning, but which has an undulous extinction. This last-named 
variety is commonly in irregular, allotriomorphic patches of considerable size, 
shows simultaneous or nearly simultaneous extinction, and incloses the other min- 
erals of the groundmass, such as plagioclase laths, augite, and magnetite. This 
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residual feldspar will be more fully considered in connection with the description 
of the holocrystalline andesites. An excellent example is No. 73. 

PYROXENE. 

Both orthorhombic and monoclinic pyroxenes are characteristic ingredients 
among the phenocrysts, the former being hypersthene and the latter augite. These 
two minerals are nearly always abundant, but are never large enough to become 
prominent in the hand specimen. In general, they are both of about the same size, 
sometimes one and sometimes the other being the larger. They are not often 
over 1 millimeter and never more than 2 millimeters in greatest diameter, and from 
this they may sink to microvscopic dimensions. In the hand specimen they can not 
be distinguished from each other. They have a greenish to brown and brownish- 
green color and distinctly resinous appearance. They are perfectly fresh, and break 
without apparent cleavage in roughly conchoidal fractures. Although frequently 
bunched together, so as to appear larger than they really are^ they require a magni- 
fying glass to be clearly seen. Although both of these pyroxenes are almost always 
present, they vary greatly in their relative abundance. For instance, in a series of 
six specimens collected along the path descending from the camp ground to the 
water's level — a vertical distance of about 800 feet — we have hypersthene the more 
abundant in Nos. 8, 9, and 24, while the reverse holds for Nos. 7, 42, and 44. In 
general, however, hypersthene is the more abundaqt (2), although it may become 
scarce (16). Augite, on the other hand, is rarely more abundant than hypersthene, 
and is often either scarce (40) or even almost completely wanting, so as to be repre- 
sented b}' only one or two roundish gmins in a thin section (30, 56). 

HYPERSTHENE. 

The hypersthene phenocrysts usually occur in well-developed crystals that appear 
in short to long prismatic habit, seldom in very slender prismatic habit. The forms 
nearly always present are the brachypinacoids and macropinacoids (100) (010), and 
the prism (110). The pinacoids are equally' developed, and nearly always are more 
prominent than the prism. This gives to the cross section either a squarish form 
with truncated corners or an octagonal form. The terminal faces are not so easily 
determined, but they appear to be a flat pymmid or equally flat domes. In some 
cases this mineral may occur in more or less irregular grains. This is not apt to be 
the case when it occurs isolated, but it occui's in this manner when it forms nests, 
either alone or with augite and magnetite (2). Usually the hypersthene is older 
than augite, but at times the two ap[>ear to have been formed simultaneously. 

In not very thin sections hypersthene appears strongly pleochroic, and is then 
distinctly greenish parallel to the vertical axis and reddish or brownish red at right 
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Fifi. .1. — Andeeite from the wiutli rim ot the caldera. Magnified &4 diameters. Specimen No. 1, 
A photomicrograph in wliiC« light. Showi^ a plagioi'lane of the flret generation, with the cent«r 
extremely spongiform and crowdeil with hrowii glaiis. Tlie structure thue <Jevelope<l bears a close 
reeemblajice to the intergrowth of feldspar and glafs in the light-colored gnuiophyric secretions 
Rmong the dacitic ejectanienta. See page lit2. 

Fig. R. — Andesit« of the hyalnpititir type fnitii east of Sand Creek, Magnified 20 diameters. 
Specimen No. 15. A photomicrograph in white light. Shows plagioclase crystalu of two welt-defined 
types. In the center is a ]>henocryfit of the oiliest generation with clear mai^n and clear center, 
corroded an one wide, and showing an inteniiediate zone of brown glafls incluflions. For descriptions 
see pages 74 and 84. 

Fig. C. — Andeeite from the rini Houth ot The Watthman. Magnified 86 diauieterB, Specimen 
No. 60, A photomicrograph in white light. Shown a crystal of hypersthene containing small inclo- 
Hures of glsBi', with a bubble in each inclosure. Two of these may be ween above the center and to 
the rieht and left of the two conHpiciKiUH cleavage cracki'. See page 81. 

Fic. D. — Hyalopilitic andesite from the water's edge west of Eagle Cove, Magnified 20 diameters. 
Specimen No. II. .\ photomicrograph in white light. The section illustrates the occurrence of 
plagioclase in three generations. First, the oldest, large phenocrysts with glass inclusions, in this 
case near the margin; second, phenorrystw withoiil glaw inclusions and that have mostly rectangular 
forms; third, small laths of the groundmass feldsimr that are mostly too ainail to be conspicuous in 
the photograph. See page 77. 
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angles to this axis. These rocks are so line grained that they require rather thin 
sections, so that the hypersthenes show much paler colors; but even in the very thin- 

t 

nest sections one can recognize the distinctive pleochroism, as rays vibrating parallel 
to the vertical axis are always greenish, while those vibrating at right angles to the 
vertical axis are faintly reddish or yellowish. The three elasticity axes agree with 
the three crystal axes, as follows: a=a, 5=b, 6'=C. In convergent light sections cut 
at right angles to the vertical axis give a positive bisectrix and large optical angle, 
while sections cut parallel to the macropinacoid give a negative bisectrix and a much 
smaller optical angle. In longitudinal sections the parallel cleavage lines are usually 
well developed, as is also a cross fracture, but the customary prismatic and pinacoidal 
cleavages are not often sharply defined in horizontal sections unless the section is 
unusually thin or the crystals larger than common. 

Mineral inclosures in hypersthene are confined to magnetite and apatite, the 
former being very common and the latter rare. Glass inclusions, however, are very ' 
common and characteristic. They are almost always to be seen in the larger and 
sometimes also in the very smallest crystals, and vary in number from one to 
twenty or more in case the crystal is unusually large. They are usually roundish or 
oval, but may be irregular in shape, or they may have polygonal forms resembling 
that of the crystal. They are usually colorless or have a light-brown shade, but 
never the deep brown to be seen in many of the feldspars. The color of these 
glass inclusions does not seem to depend on the color of the glass base nor even upon 
the presence of such base. Nearly always each of these inclosures may be seen to 
contain a gas bubble, the size of which does not bear any relationship to the size of 
the inclosing glass. However, one can often find glass inclosures without gas 
bubbles in the same crystal in which most of the glass inclusions contain bubbles. 
The size of such inclusions varies from about 0.01 millimeter to very minute 
microscopic dimensions. In fig. C of PI. XV is presented a hypersthene crystal 
with such inclosures of glass and bubbles. 

Hypersthene is almost invariably i>erfectly fresh. It may at times show a slight 
trace of serpentinization through the development of a yellowish, fibrous, polar- 
izing substance. 

As stated above, hypersthene is to be ranked as one of the oldest crystallizations, 
but although it occasionally' occurs inclosed in the plagioc'lase phenocrysts it is not 
always older than this mineral, as the plagioclase sometimes impresses its form on 

m 

the hypersthene. 

In addition to phenocrysts, not a few of the Crater Lake andesites also contain 
very much smaller hypersthene crystals with a slender lath-like habit. It is not 
always clear whether these are to be considered as belonging to a later generation 
and as forming a part of the groundmass or not. In a few cases, at least, of decided 
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glaHHv varieties (9, IH, 16), thin conclusion seems to be justified. In such rocks the 
groundraass consists of a brown glass containing magnetite gi-ains, a few feldspar 
microlites, and abundant slender, almost microlitic prisms of augite and hypersthcne. 
The hypersthcne is quite uniformly Jil>out 0.05 millimeter in length and about one- 
fifth to one-tenth of that amount in width. The augites are sometimes the same 
size, but usually not more than half as large. These hypersthenes of the ground- 
mass are sharp, and they frequently show flat terminations. They contain magnetite 
and also glass inclusions with bubbles. They are mostly very distinct from the 
hypersthene of the. fii*st. generation in size and habit and are very much more 
abundant. 

ArOITE, 

The phenocrystic augites are, like the hypersthenes, usually shaq)ly crystallized, 
but they are not so persistently idiomorphic. They not infrequently occur in 
hypi<liomorphic or in granular forms. This, of course, is naturally the case where 
they form nests either with or without hypersthene. In color they show in thin 
sections a nearly unifomi pale green, the depth of color varying with the thickness 
of the slide. They rarely show any appreciable pleochroism, and this property, 
together with the stronger interference colors and the oblique extinction, nearly 
always suffices to distinguish them from the hypersthenes. Twinning parallel to the 
orthopinacoid is very common. This is true not only of simple twins, but also of 
crystals with repeated or pol}^ synthetic twinning. 

The inclosures in augite are exactly the same — even to the glass inclusions with 
bubbles — as are to be found in hypersthene. The ciystal form is also very closely 
analogous to that of the orthorhombic pyroxene. These are the prism with brachy- 
pinacoids and raacropinacoids and a flat terminal form, presumably a pyramid. 
Usually, however, the prism and the pinacoids are about equally developed. 

Parallel growths of augite and hypersthene are occasionally to be seen (11,171), 
in which the augite forms more or less irregular shells around the older hypersthene 
(see fig. Koi PI. XIV, p. 76); but this phenomenon is by no means as common as 
with the basalts of this region. A more detailed description will be found under 
the basalts. 

As a groundmass constituent augite is very characteristic and is univei'sally 
present. In proportion to the development of hypocrystalline groundmass, this 
mineml is to be seen in more .and more granular form. In the great majority of 
specimens, however, this mineral assumes well-defined slender prismatic form. In 
the hyalopilitic varieties the foiin is very sharp indeed. The crystals measure two 
or three or even five times as long as wide. In exceptional cases the length may be 
proportionately greater still. ITsually in sharply developed crystallites the width 
varies between 0.001 and 0.004 millimeter and the length between 0.01 and 0.03 
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millimeter. In the holocrystalline varieties the augites are not only granular in 
shape, but usually much larger. Both microlitic and granular individuals custom- 
arily inclose minute magnetite in octahedral and gmnular foims. 

ACCESSORY MINERALS. 

Qiiartz does not appear to form an essential ingredient in these andesites, except 
as it may form part of the allotriomoi'phic colorless material to be seen in most of 
the holocrystalline varieties. With this exception this mineml has been cei-tainly 
identified in only two cases (4r6, 79), and in these two cases it does not occur at all 
evenly distributed, but only in a few irregular gmins that may easily be accounted 
for by secondary or accidental causes. 

Tridymite was recognized in only one case, an andesite of a decidedly dacitic 
type (79), about li miles south of the camp ground. 

IT(jrnbUnde. — A ver}^ few yellowish-brown and strongly pleochroic crystals of 
this mineral, mostly in fragments, are to be seen in specimen No. 44, from near the 
camp ground, and specimen No. 45, from Cathedral Rock. The larger grains have 
the black resorption rims of magnetite so common in andesites. In the smaller indi- 
viduals the resorption is complete and only a black mass of granular magnetite 
remains (see PI. XVI, B). Also one small crystal is seen in No. 48, a rock ti-ansi- 
tional between andesite and dacite. This mineral, which is very common in the 
dacites of Cmter Lake, is otherwise entirely wanting in the andesites. 

Olivine occurs very sparingly as an occasional rounded grain or fragment, 
more particularly among the nests of older crystallized minerals. In nearly all the 
andesites it is entirely wanting. It is most abundant in No. 49, where it is seen in 
well-rounded grains that have marked resorption rims of magnetite and, apparently, 
of augite. In No. 43 there are one or two forms which resemble olivine crystals 
and which are filled with a yellowish ix)larizing substance, presumably serpentine. 

Magiietite forms an always present but rather sparingl}' developed ingredient 
among the minerals of the first generation and occurs frequentl}' inclosed in 
plagioclase, hypersthene, and augite. In the groundmass it is perhaps more abundant, 
and then occurs as small octahedral crystals or as grains; also in the andesites with 
a brown, glass}' base, as a very fine powder. It is likewise very abundant as inclosures 
in the augite microlites of the groundmass. 

Hematite appears to occur occasionally either as a reddish stain or as minute 
brownish-red hexagonal scales (65). 

CLASSIFICATION OF ANDESITES. 

While the phenocrysts fluctuate greatly in abundance und relative impoiiance, 
they do not serve as well as does the groundmass as a ready means for classifying 
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tht> widi^Iy different npiiearing varietie-s of the luidesitic rocks. CcrtHin structural 
tyi)es in the groundma«s. on the other Imnd. recur with great fre<iuency and are 
worthy of detailed description. Th« undesites of Crater Lake, therefore, may be 
divided into four main type.s, buMed upon the character of the groiindniasN, namely, 
hyalopilitio type; bypocryntalline type, with two 8ubtyi)es (a and b); holocrys- 
talline tyi)e; dacitie tyi>e. 

Although each of ther^e four ty[>eH in quite distinctive, it ia not to be supjx>!»!d 
that all the exaniplejj cited in each catie are equally so. Kather it may be yaid that 
they all grade into each other in fiuch a way as to make the Hei>ai*ation not always 
eawy. Neither oaii the fockis of any one lava stream or of one locality be said to be 
limited to any one t3'pe. 

HYAIXfPILITItT TYFK OF ANDESITES. 

The following Mpecimens ai-e included here: Nos. 1, i, 3, 4, 5, 6. T, 8, 8,10, U, 
1-2, 13, 14. 15. 10. 17, 18, 19, 20. and 21. 

Thif* variety of andesite has mainly a very dark-gray to black, dense ground- 
masti. and when it is not porous is apt to break in smooth, slightly lustrous surfaces. 
The specimens that contain less glass, as well as the more porous ones, have a much 
lighter color and rougher fracture. On account of the dark groundniass the 
plagiot4ase phenocrysts are usually prominent, and for the same reason the pyrox- 
enes are hardly noticeable. Most of the hyalopilitic andesites are characterized in 
thin sections by the presence of light to deep brown glass, which is usually very 
abundant and perfectly clear and unaltered (6, i', 11, 13, 16, 17), or else this brown 
glass is more or less clouded by the presence of countless boats of minute brown- 
to black-looking globuUtes (brown in 8, 15, 19, 1, 5; black in 14, 21). In case these 
globulites are thicker than usual, the glass base between the microlites becomes 
lighter or even almost colorless, but still the effect of the globulites in such cases is 
to lend a brownish color to the whole. In a few cases a decided change of color in 
the glass is to be noted, in that blackish spotj^ appear locally in a glass otherwise 
brownish (12, 20). These black spots have the globulites very thick and .somewhat 
lai^er, while the inclosing glass ba.se is («lorless. It is more than likelj' that 
m^netite dust is developed in addition to the customary globulites. which would 
explain the black color. These darker spots are similar to the whole grouudmass in 
some of the hypocrystalline andesites. 

This all-pervading glass base inv;ariably incloses myriads of perfectly shai-p and 
straight augite microlites; also plagioclase feldspars in slender strips of microlitic 
size or in larger lath^* and in rectangular individuals. The size of the augite 
microlites may vary considerably in the same thin section. Thus in No. 2, where 
they are uncommonly small, they vary from O.OOI to 0.(K)3 millimeter in width and 
fi'om 0.01 to <>.it.S millimeter in length. In general, the width may bo said to 
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average about 0.005 millimeter, witli extremes of 0.(X)l and 0.01 millimeter, and the 
length to average al)out 0.02 millimeter, with extremes of O.ol and 0.08 millimeter. 
It will be seen that they are alK)ut five to ten times as long as wide. These micro- 
lites are very commonly free from inclosures, but perhaps more frequently inclose 
minute magnetite grains, or octahedml crystals of the same. The plagioc-lase 
microlites and laths vary extremely in size and form. In the majority of cases their 
form is either distinctly microlitic or, at least, slender lath shaped and minute 
(5, 14). When very small, the customary twinning is not easily distinguishable, but 
in the larger and broader individuals polysynthetic twinning is strongly in evidence. 
Interspersed with these slender plagioclases are others with short, rectangular forms 
that sometimes show twinning and sometimes do not. In a few rocks these rectan- 
gular forms are very numerous, and partially or almost completely supplant the lath 
form (11, 19, 21). Still larger plagioclases of rectangular form connect these 
rectangular plagioclases of the groundmass with the phenocrysts, so that a sharp 
discrimination is not always possible. Fluidal arrangement of all these groundniass 
ingredients is more or less conspicuous in all thin sections. 

Intermediate stages between andesites of this type and the next are very 
common, and are mostly included in those listed under the following t3^pe. In one 
specimen, however. No. 18, collected about one mile southwest of the base of Red 
Cone, we have what is common, namely, a transition to the holocrystalline type. 
In the thin section from this rock there appears to be very little glass, but the 
appeamnce of dust-like globulitic material between the abundant feldspars of the 
groundmass indicates the presence of more glass than is at first apparent. 

HYPOCRY8TAL.LINE TYPE OF ANDESITE. 

This may fairly be said to be the normal type of Crater Lake andesites; at least, 
it is more abundantly represented than any other. It may be divided into two 
subtypes, which, though united by numerous connecting links, are upon the whole 
readily distinguished. In the hand specimen, however, this distinction between the 
two subtypes can not be made. Neither can the two be readily distinguished from 
the hyalopilitic type except in thin section. Taken as a whole, they are decidedly 
dark-colored rocks with a basaltic look, but the darker varieties distinguish them- 
selves by the relative prominence of the plagioclase phenocrysts. Not a few are as 
dark as the darkest of the hyalopilitic andesites, but they lack the glossy luster 
common to some of that type. The avei-age color is naturally lighter than in the 
hyalopilitic type, as they are more decidedly crystalline. In fact, not a few included 
under both of the two subtypes have a gray or even a light gray or drab color, 
break with rough fracture, and approach to the holocrystalline andesites. The 
pyroxenes, as usual, are inconspicuous and have a slightly resinous luster with green 
to brown colors. 
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HYPf>CRY>n'ALI.IXE ANDRftlTE, Kl-Brni'PE A. 

This variety includes the followinjr speein^ens: Nos. 22, 23, 24. 25. 26, 27, 2S, 21* 
3U. 31. 32, 33. 

The ^roundinass of then** r')cks. as seen under the microscope, is very dense. 
It is crowded with niiicrolitic crvstallizations similar to but more abundant than 
those in the hyalopilitic groundm iss. (Hass is probably always present, impreofnsi- 
tinjjf the whole, but, with one or two exceptions (26, 28), it is not at all conspicuous. 
In the two exceptions, which are ro<^ks connecting this type with the prei^eding, the 
glass is readily recx)gnizable and has a distinct bn)wn color; otherwise the glass Imse 
appeal's to ho almost colorless. As stated above, in discussing the plagioclase 
phencK-rysts, these rocks, with a small amount of colorless glass base, are very apt 
to contain de^ir brown glass inclosures in the plagioclase. The marked feature of 
this subtype A, as distinguishing it from subtype b, is the presence of innumerable 
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minute plagiot^lase microlites with their customary lluidal arrangement. These 
microlitic plagioclases are mostly verA' minute, l>eing often no larger than the augite 
mitrrolites (26). The larger, squarish, or short -rectangular plagioclast* crystals, with 
and without twinning stria*, that are to be seen commonly in the groundmass of the 
preceding type, are usually conspicuously absent. Hence the contrast between 
the plagicH'lases of the groundmass and of the phenocrysts is very pronounced, as 
connecting types are alwent. In one or two specimens the appearance of faintly 
develop<»d allotriomorphic feldspar (27. 29) connects this type with the holocrystal- 
line andesites. 

In the finest-grained varieties the plagiocla.se microlites are hardly discernible 
in white light. In such rocks the groundmass presents. a dirty-brown or gi*ayish- 
brown and minutely granular apj^earance, owing to the development of thickly 
crowded augite microlites, which are interspersed with minute grains and octa- 
hedral crystals of magnetite. The brown color is doubtless due in pail to the 
glass Vmse, and in part also to the presence of brownish globulites. Globulitic 
forms are, however, by no means as common or abundant as in the hyalopilitic 
type. On the other hand, both magnetite and augite in microlitic form are much 
more abundant in this type of andesite. The augite microlites are, as a g(»neral 
thing, not as sharply crystallized, although they do not differ greatly in size from 
the similar microlites in the hyalopilitic andesites. As the gi'oundma^ss becomes 
more distinctlv crvstalline the size of these microlites tends to })ecome larger and 
the form less sharp. 

A few crystals of apatite of a brownish color measuring o.l millimeter in length 
and 0.016 millimeter in width were noticed. They are faintly pleochroic, with the 
customary absorption K>0. 

Hypersthene in two generationsT— one in short, stout, and relatively large crys- 
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tals, the other in slender prisms of much smaller size — are usually to be seen, but 
the distinction between the two is not as well defined as is the case mentioned 
in the hyalopilitic type. 

In all but one case (38) these andesites appear to be ver>^ fresh, the altem- 
tions being hardly more than iron stains. In the one case referred to, the ground- 
mass has undergone considerable alteration, which has attacked mainly the gla.ss 
base and the augite microlites. The decomposition products are carbonates and 
a nearly homogeneous greenish substance which, in polarized light, appears to be 
formed of extremely minute scales that polarize light strongly. This green sub- 
stance appears to be delessite. 

The groundmass of subtype a corresponds closely to what Rosenbusch calls 
the piiotaxitic type of andesites, in that it may be described as a densely felted 
aggregate of plagioclase and augite microlites impregnated to a more or less 
extent with an inconspicuous glass base. 

HYPOCRY8TALLINE ANDE8ITE, SUBTYPE A. 

This variety of hypocrystalline andesites is represented by the following speci- 
mens: Nos. 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 
55, 56, 57, and 58. It is a more abundant type, therefore, than is subtype a. As 
above stated, these andesites do not diflFer materially in the hand specimen from the 
subtype just described. Under the microscope the chief distinction lies in the com- 
parative suppression of the distinctly microlitic plagioclase and in the greater 
abundance of the larger and broader feldspars that are not always to be sharply dis- 
tinguished from the phenocrystic plagioclases. In this subtype the rock also is 
strongly inclined to develop allotriomorphic feldspar, and in this way, as well as in 
the development of more and more lath-shaped and broad rectangular-shaped feld- 
spars, to pass into the holocrystalline andesites. 

Those specimens that are transitional to subtype a (40, 43, 47, 49, 53, 54) have 
plagioclase laths very abundantly developed, but these are usually so much larger 
than the microlitic feldspars above described that they ma3\ hardly be designated as 
microlites. At the same time the augite microlites become larger and lose their 
sharp outline, and glass is hardly distinguishable. Other specimens, transitional to 
the holocrystalline andesites of the third type, show the development of a small 
amount of allotriomorphic plagioclase or quartz and contain a great amount of the 
rectangular feldspar forms (50, 52). It even happens that both these tendencies are 
manifest in the same rock (54), so that numerous small plagioclase laths in fluidal 
arrangement occur with a rather vague paste of allotriomorphic material. 

The more normal members of this type, although subject to considerable varia- 
tion in size and relative abundance of the component minerals, as well as in their 
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structural arrangement, may be said to contain numerous plienocrysts of hypersthene 
and augite, and especially of plagioclase, embedded in a hypocrystalline, or at most 
ver}^ finely crystalline groundmass of plagioclase, augite, and magnetite, with prob- 
ably a little hardly distinguishable colorless glass Imse. The glass base may be pre- 
sumed to be present on account of the presence of a little brownish globulitic matter 
in the interstices between the feldspars. The augite of the groundmass rarely has as 
sharp forms, and is also rarely as small as in the two already described types. In a 
number of the thin sections studied it has a granular or roughly prismatic granular 
habit. The sharpness of outline seems to disappear almost regularly with the 
increasing size of the grain of the groundmass. The plagioclase of the groundmass 
is the most fluctuating ingredient both as to amount and as to size and habit. In 
some the slender lath-form, in others the shoit-rectangular habit predominates. The 
color of the groundmass is in most cases lighter than in subtype a, owing to the 
greater coarseness of grain and to the scarcity of glass. These andesites even more 
than those just described possess the strongly felted structure characteristic of the 
so-called pilotaxitic groundmass of Rosen busch. 

Mr. Diller has briefly described a hypersthene-andesite from the later lavas of 
Mount Shasta, in California,'^' that is almost identical with several of the Crater Lake 
andesites included in subtype b. The resemblance extends both to the groundmass 
and to the phenocrj'sts of plagioclase, hypersthene, and augite. It would, in fact, 
be impossible to tell from the thin section alone from which of the two volcanic 
areas this rock came. This andesite from Mount Shasta is No. 87 of the Educa- 
tional Series of Rock Specimens collected and distributed by the United States 
Geological Survey, and was collected at Horse Camp, near the timber line upon the 
western slope of the mountain. 

Another well-known hypersthene-andesite that resembles this type as far as the 
groundmass is concerned Is the roc*k from Buffalo Peak, Park County, Coio., 
described by Whitman Cross.* This rock is No. 86 of the above-mentioned series. 
It diflFers considerably from all the Crater Lake andesites, not only of this but 
of other types, in the. much greater abundance of the hypersthene and augite 
phenocrysts. 

HOLOCRYSTALLINE TYPE OF ANDESITE. 

The following specimens are plac^ under this type: Nos. 59, 60, 61, 62, 63, 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, and 74. These are mostly light-gray rocks 
with comparatively rough fracture and with relatively inconspicuous plagioclase 
phenocrysts. A few specimens of darker color are not thoroughly characteristic 
of the type. 

o Bull. U. 8. Geol. Survey No. 150, 1898. p. 227. bidem, p. 224. 
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Under the microscope these andesites do not differ very materially in appear- 
ance from those of the hypocrystalline type, when viewed in white light, except 
that they are much lighter in color and are entirely free from globulitic matter. 
Between crossed nicols, however, there is a marked difference between these ande- 
sites and all the preceding types. This difference is to be seen in the groundmass. 
The colorless constituents are of two distinct kinds, first, plagioclase laths not 
markedly different from the similar laths in the other andesites; and, second, a sort 
of residual product of crystallization occurring in irregular, allotriomorphic patches 
that have a poikilitic appearance, owing to crowded inclusions of the other ground- 
mass ingredients. These patcrhes vary considerably in size and in conspicuousness, 
but in general are from 0.2 to 0.5 millimeter in diameter. They do not show poly- 
synthetic twinning, but very often ppssess a more or less undulous extinction. 
They are quite distinct from the plagioclase laths which lie embedded in them and 
appear to play the role of a glass base. The individual patches show usually 
simultaneous extinctions and are bounded only by meeting other similar patches. 

This allotriomorphic material is in some cases undoubtedly quartz; in others 
it is probably feldspar. It was proved to be quartz in Nos. 63, 66, 71, and 73 by 
its slightly higher refractive power as compared with adjacent feldspar and hy its 
giving a positive, uniaxial image in convergent polarised .light. It is considered 
to l)e sometimes feldspar for the following reasons: First, failure to show uniaxial 
images; second, occasional undulous extinction; third, some of the plagioclase 
laths have allotriomorphic extensions that extinguish with the outer part of the 
lath and resemble these patches (63, 64); fourth, in a few of these andesites 
the lath-shaped plagioclase is nearly missing, so that the groundmass is almost 
entirely composed of these patches, except for the inclosed augite microlites and 
magnetite grains. If in this last case all this material were quartz, it would give a 
rock far too acidic in composition to be classed as an andesite, whereas the close 
association and resemblance between all of these rocks make it impossible to 
separate any one of them from this family. 

The more characteristic of these holocrystalline andesites have a great abun- 
dance of well-defined plagioclase laths with iluidal armngenient, as well as innumer- 
able augite microlites and octahedral crystals and gmins of magnetite embedded in 
a l)ase of these allotriomorphic patches of feldspar and of quartz (60, 61, {>{}, 71, 
74). The augite microlites are, as a rule, somewhat larger and not quite so sharply 
developed as is the case in the other andesites. The phenocrysts of plagioclase, 
hypersthene, and augite differ in no essential respect from the descriptions given 
for all the Crater Lake andesites. Fig. 6' of PI. XVI (p. 98) gives a fair idea of the 
allotriomorphic patches that characterize these holocrystalline andesites. 

The presence of quartz in the groundmass of these rocks suggests a much more 
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acid rock than the chemical analyses of Crater Lake andesites given elsewhere in 
these page^ allow. As the only analysis made of this holocry stall ine type is of No. 
t>8, which is not thoroughly representative, intismuch as the allotriomoi*phi(; patches 
are not very well developed, it will be of interest to compare these rocks with a 
similar rock collected by Mr. Diller and alluded to by Mr. H. W. Turner in his 
article on the Age and Succession of the Igneous Rocks of the Sierra Nevada.'' The 
rock in question was taken from Crater Peak, California (Lassen Peak quadrangle), 
and is No. 1829 of the Cascade Kange collection. Mr. Turner does not describe the 
voi'k, but he refei^s to it as a pyroxene-ande^ite, and gives the chemical analysis made 
by W. F. Hillebrand.* This analysis will be found repeated on page 94 of this 
paper. Through the kindness of Mr. Diller the writer was enabled to study a 
thin section of this Crater Peak andesite and to compare it with the thin sections 
of the rocks here under discussion. Without any noticeable difference it appears to 
be identical with the Crater Lake holocrystalline type of andesite. This is true not 
only of the groundmass, with its allotriomorphic patches inclosing plagioc*Jase laths 
and augite microlites, etc., but also of the phenocrysts. It will be seen, in compar- 
ing the analysis with the analyses of other andesites from Crater Lake, that this 
contains between i) and 10 per cent more silica. It is, in fact, closely analogous to 
the dacites, such as, for instance, those from Lassen Peak, analyzed by T. M. 
Chatard and W. F. Hillebrand.^ It is highly probable, therefore, that these ande- 
sites are, in part at least, dacites, although no well-defined quai*tz is to be seen in 
them. 

No. 198 probably belongs with the holocrystalline andesites, but owing to 
extensive alteration its chai'acteristics are not readily made out. The groundmass 
consists of much homogeneous-looking chloritic matter, with rather faint lath-shaped 
plagioi^lase and not a little allotriomorphic, colorless material that is probably 
feldspar. The magnetite has been altered to leucoxene and the pyroxenes of both 
the phenocrysts and of the groundmass to chlorite. The phenocrystic plagioclases 
are partially altered to carbonates and prol)ably to kaolin. A good deal of quartz 
is to be seen in distinct grains, two or three of which are quite large, while the 
rest occur in bunches of allotriomoi'phic grains. As this is the only andesite 
from Crater Lake that shows well-defined quartz, this mineral is in this case 
probably secondary in origin. 

These holocrystalline andesites, as is the case with the other types, are widely 
distributed over the Crater Lake area. There may be some significance in the fact 
that six out of a total of fifteen are situated at the water's edge; that is, a large 
proportion of them belong to the oldest lava flows exposed. No. 63, which comes 
from the basaltic cone called Crater Peak, south of the lake, is taken from an 
ejected fragment, and Was doubtless torn loose from a deep-lying rock below. 

aJour. Geol., Vol. Ill, 1896, p. 410. <»Idem, p. 407. < Bnll. U. 8. Geol. Surrey No. 150, 1898, p. 218. 



ANDKSITKS. 91 

DACITIC TYPE OF ANDESITE. 

This fourth type of andesite is intermediate between the andesites and dacites, 
but seems to possess chai^acteristic^ that ally the rocks here included more closely 
with the andesites than with the dacites. It is possible that a chemical analysis 
would place one or two of them in the list of dacites. 

Of the six specimens placed in this group, three (75, 7t>, 77) have the dacitic 
features particularly prominent. The groundmass in these three consists very largely 
of a neiirly colorless glass in which lie myriads of the extremely minute rod-like 
augite microlites (characteristic of the glassy dacites (77). In two (75, 76) the 
groundmass consists of somewhat larger microlites of the same mineral inclosing 
minute black specks of magnetite, or possibly of globulites, suggestive rather of the 
andesites. In addition to these augiti> microlites very slender feldspar microlites, as 
well as a few other larger and broader plagioclase crystals, are sparingly developed. 
The glass base is rendered dark looking, especially" in No. 76, by globulitic inclusions 
and by the presence of a very little magnetite. In Nos. 76 and 77 occur deep 
rusty-brown and somewhat granulated spots that tend to form around the pores 
and also to some extent around the plagioclase phenocrysts. The pores are apt 
to contain a little tridymite, partially or entirely filling them. These darker, iron- 
rusted spots l^ear a slight resemblance to the spherulitic growths in the dacites, 
but do not appear to possess radiated structure. 

The three other specimens (78, 79, 80) are similar, so far as the augite 
microlites are concerned; but they contain little or no glass base, instead of which 
there is to be seen much more abundant plagioclase laths, as well as squarish or 
short rectangular feldspars with undulous extinction, or, rather, with zonal struc- 
ture but no twinning; likewise small irregular or allotriomorphic colorless shreds of 
feldspar or, perhaps, of quartz. 

The phenocrysts in these six rocks are not essentially different from those in 
other andesites (brown glass inclosures, abundant in plagioclase of 75). Hyper- 
sthene in two generations — the older in short, stout, and relatively large crystals, 
the younger in small, long, and slender prisms — is clearly developed in No. 78. 

The last three rocks, without perceptible glass, are very light colored in the 
hand specimens while the glassy varieties are much darker. 

UNCERTAIN TYPES. 

With the exception of those of Wizard Island, the andesite lavas of Crater 
Lake do not appear to be distributed in accordance with the types herein described, 
but the various types occur over all the area, among both the older and the 
younger andesite flows. In the case of Wizard Island a partial exception may be 
noted in that the more thoroughly crystalline types are almost wanting. The 
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and^^iUf^ of Wizard Inland aiv una^^ually blar-k and haiAltic-looking. and contain 
fiiwh hrown ^ia^. (^V^-a^ioiially they aiv stained a d«?p brownbh red by iron 
oxidif ^'^T. 81f>. SrmH' of tb«* iiK>ri? giasriy blac-k pfirtion> s4?em to hav** erat-ked in 
tb<* |inx'<-?s« of r^ricJing. thwf «'nurked ••urfai.'e!* being* left with a decided glot^e*. Hiis 
wai< partirrulariy notM on a ^pe<'imen collected by the writer from a lar^ block 
in iIh' t-rater on the jiiimmit of the i^^land. 

iyf tb<' thirteen rfH'kii from Wizard Inland ^ftadied in thin section, five are of 
the hyalopilitic type: 9<ix of the hypocry^ftalline type, .•subtype a: two of the same 
ty[Mf. subtype b: while only one. and thL^ a riomewhat doabtful one. is of the 
holocrvKtalline type. 

.'.mong the ande?«ite*« r*ollected by Mr. J. S. Diller on Wizard Island are ten, 
'Sim. 81 Up i^K incliwive. the exact location of which in not given. Of the^e No. 83 
ban no corre^jnding thin section. The others do not vary greatly from the other 
Mpeirimen>» from thi}4 island enumerated above. No^. 82. 86. and SS are placed in 
the hyjKicrj'Htalline type, subtype a: or po)!»Mibly 82 might equally well be put in 
the hyalopilitic tvfje. No. 84 in a hyalopilitic andesite. No?*. 88, 89. and !♦<> are so 
Htrongly impregnated with red hematite powder as'not to be easily classified. They 
are proljabiy of the hyprxjrj'stalline tvfje. subtype a. No. 85 is a holocrystalline 
andesit<f with ^lasaltic appearance. It contains small augite prisms, too large to be 
4^llitrl nii^Tolites. and also considerable aliotriomorphic feldspar in the groundmass. 
but no [Kiikilitic patches such as o<*cur in most of the holocrystalline andesites. 

At the hea^l of Steel Bay. just to the east of Llao Rock, occurs an andesitic rock 
close to the dike from which No. 96 (page 93) was collected. This andesite is repre- 
sented by No. 91. and is a nearly holocrystalline rock with very abundant phenocrysts 
and with a groundmass that resembles that of some of the basalts, notably Nos. 176 
and 177 of the porphyritic interstitial basalts. The main features that distinguish this 
rock from the basalts are the absence of olivine and the very marked porphyritic 
development. This andesite does not closely resemble any other andesite from 
Crater Ijake, at least not close enough to justify putting it in any of the above- 
descril>ed types. It more (*Iosely resembles the Ijasalts than any other rock collected 
on or within the crater rim. 

ANDESITE DIKES. 

With the exception of two dikex under Llao Rock all the dikes that cut the 
walls surrounding the lake lielong, as far as may be judged from the specimens 
cx)lle4*t(5d, to the andcsites. 

Two specimens were collected from the rather large dike that runs diagonally 
down from The Watchman to near the lake level. These two specimens (92 and 
93) may Jk* classed with the hypocr}'stalline andesites, subtype b. The pheno- 
crysts do not ])resent any spec'ially distinctive features, but the groundmass of the 
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two specimens shows two extremes. No. 92 is relative!}'' coarse grained and presents 
a transition to the holocrystaliine t^^po, in which, however, the allotriomorphic patches 
are suppressed. It is further characterized by the presence of unusually abundant 
plagioclase laths of a very uniform and fairly large size. No. 93, on the other hand, 
DQiay be considered as transitional to subtype a in that the plagioclase laths sink to 
• minute size. But this groundmass also contains a great many squarish or short 
rectangular feldspars that suggest an affinity with the dacites. 

From the upper part of the dike that lies between Glacier Peak and The Watch- 
man No. 94 was collected. In the hand specimen this presents a striking!}^ uniform 
appearance. It has a rather light-gray color, is very porous, and at a casual glance 
appears to be free from phenocrysts. On the contrary, phenocrysts are very abun- 
dant, as in thin section they appear to form about one-half of the entire mass. This 
is, in fact, a thoroughly characteristic andesite and is very strongl}^ porphyritic, with 
great contrast between the phenocrysts and the groundmass. Plagioclase, hyper- 
sthene, and augite are all abundant. The pyroxenes occur lx)th in sharp crystals and 
in nests of granular individuals. The feldspar oceurs in two distinct types; in the 
larger many-faced forms having the customary glass inclusions, and in the smaller 
rectangular forms. From the character of the groundmass this may be considered 
a typical illustration of the hypocrystalline type, subtype a, chai'acterized by the 
abundance of minute plagioclase microlites. 

The analysis of this rock is given on page 94. It indicates that this is 
thoroughly representative of the Crater Lake andesites. 

Under the north end of Llao Rock occurs a dike of which No. 95 is a sample. 
It very closely resembles the rock just described. Under the microscope it appears 
that the phenocrysts are not quite so abundant and not so uniform in size. The 
groundmass contains considerable allotriomorphic feldspar, which to a certain 
extent hides the microlitic plagioclases. It belongs, with the above-described rock, 
to subtype a of the hypocrystalline andesites. 

At the head of Steel Bay, a little to the east of Llao Rock, occurs a dike 
from which No. 96 was collected, which shows under the microscope a very pretty 
development of the hyalopilitic structure. Very abundant phenocrysts of the 
customary characters lie embedded in a groundmass consisting of a deep-brown 
glass that appears to impregnate a loosely felted aggregate of slender augite and 
plagioclase microlites. The glass base is free, or nearly free, from globulitic 
matter, but contains, in addition to the above-mentioned microlites, octahedml 
crystals and grains of magnetite. 

On the east side of the lake are to be seen two dikes near Sentinel Rock. One 
of these (33) occurs exactly below Sentinel Rock and the other (21) about a third 
of a mile to the northeast. Both of these rocks have already been referred to 
in connection with the description of the andesites. No. 33 belongs to the subtype a 
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No. 25. Hyperethene-andcfiite, hypocrystalline type, subtype a, west edge of Wizanl Island. 
See page 86. 

No. 26. Hyperethene-andesite, hyiKXTystalline type, subtype a, rim, just south of The AVatc'h- 
man. See page 86. 

No. 31. Hyperethene-andesite, hypocrystalline type, subtype a, at the lake level under Llao 
Hock. See page 86. 

No. 68. Hyperethene-andesite, holocrystalline ty|)e, Palisades, under Round Top on the north- 
east portion of the rim. See page 88. 

No. 94. Hypersthene-andesite, hypocrystalline type, subtype a, from a large dike entirely trans- 
secting the rim between Glacier Peak and Llao Rock. See page 86. 

No. 1829. Of the Cascade Range collection, a rock called by Mr. Turner a i)yroxene-andesite, 
holocrystalline type. From Crater Peak, California. Analysis by AV. F. Hillebrand, taken from 
Bull. U. 8. Geol. Survey No. 60, p. 157, No. 19. See page 90. 

It is a little surprising and also unfortunate that out of five specimens of andesite 
selected by Mr. Diller for chemical analysis four should turn out to belong to one 
type, and this not the most common one. It is surprising, because these specimens 
were selected with a view to representing typical occurrences. As the selection was 
made before an opportunity was given for microscopic study, it was imix)ssible to 
distinguish the different types from the hand specimen alone. 

SECRETIONS IN ANDESITES. 

In a number of the andesite rocks at different localities are found inclosures or 
nodules that appear to be secretions of the more basic minerals. Sometimes these 
inclosures have more or less roundish form and are evidently inclosed in the sense 
that they are not literally formed in place. This is particularly evident in a speci- 
men (97) collected in 1883 from the southern rim of the crater. The rock itself, of 
which no thin section has been made, has a nearly black groundmass — which is 
probably hyalopilitic — inclosing numerous and very conspicuous plagioclase pheno- 
crysts. Embedded in this rock is a roundish mass 2 or 3 inches in diameter from 
which the andesite appears to have shrunk away in cooling as though from a 
foreign inclosure. The inclosure is blackish gray, compact, without phenocrysts, 
and slightly porous. It has a very basaltic look. 

In thin section this specimen is fairly characteristic of most of the inclosures. 
It consists of a deep clear-brown glass in which lie in loosely felted arrangement 
slender and very sharply defined laths of plagioclase and equally slender but not 
always so shai^ply cut prisms of hypersthene and augite; also a little magnetite in the 
customary octahedral form. Hypersthene is more abundant than augite, but both 
are much more abundant than is usual in the andesites. The two pyroxenes 
appear to form about as large a percentage of the rock as does the plagioclase. 
Parallelism of growth between the augite and hypersthene is common. The length 
of these pyroxenes is often ten times as nmch as the width. The plagioclase is 
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rather .simply twinned with but two or three bands and shows large extinction angles. 
They have sf|UHre cross section with diagonal extinction. Phenocrysts are entirely 
wanting. 

Fig. A of PL XVl presents a photograph of this thin section in polarized light 
and Fig. 7> of PI. XVI a photograph of thin section of No. *J in white light, showing 
^K>th the secretion and the inclosing hyalopilitie andesite. 

Analogous to the above are No. 9, from the path that leads from the camp 
ground down to the water^s edge; No. 16, from Kerr Notch, at the head of Sand 
Creek; and No. 75 from near the road on Anna Creek. These three specimens con- 
sist of small inclusions in rather glassy andesites, the first two of the hyalopilitie 
and the last of the dacitic t\^. The inclasions form only a small part of the tbin 
section in each ease. They do not. however, appear to be foreign to the rock. 
On the contrary, the junction of the secretion with the surrounding andesite is such 
as apparently to preclude the idea of an entirely separate origin. The clear glass of 
the secretion is exactly of the same color as that of the main rock and the junction is 
not sharp, but the ingredients seem to have grown from the secretion out into the 
surrounding rock mass. The first two contain phenocrysts of plagioclase, and to a 
less extent of hypersthene similar to the corresponding phenocrysts in the inclosing 
andesite. In some cases one of these plagioclase phenocrysts appears to belong 
about equally to the secretion and to the main mass. In No. 16 the inclusion greatly 
resembles an enlarged area like those one frequently meets with in the more glassy 
andesites of Crater Lake, where a deep and clear brown glass, free from the custom- 
ary microlites, occurs, filling the space between two or three adjacent phenocr}sts. 

No. 98 is one of these inclusions from a large bowlder between Sun Creek and 
Sand Creek. The roc*k in which this is inclosed (76) belongs to the dacitic type of 
andesite, and has already l>een described. This inclusion contains large, character- 
istic plagioclase phenocr}\sts that are crowded with the usual inclusions, and that 
present clear margins; it contains also phenocrysts of hypersthene. The glass is 
stained a very deep red with ferritic matter. 

Nos. 99 and 1(X> are secretions in the above-described hypocrystalline andesite (40) 
found at the spring near the camp ground. They both resemble No. 97 in being 
entirel}' without phenocrysts and in having the same felted structure and the same 
composition as that rock, but they differ materially in that crystallization appears to 
have progressed until but little glass remains, and this little is nearly* colorless and 
not readilv discernible. In fact, these two inclusions were at first taken for l>asalt 
inclosed in the andesite, and were it not for numerous intermediate stages between 
these and the more endent seci'etions the determination as basalt might hold. 
Other cases of secretions resembling basalts are mentioned in connection with the 
description of the dacites of Crater Lake. 
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PLATE XVI. 

THIX SECTIONS OF AXDESITE. 

Fk;. a. — ^Set-retion in andesite from the w)uthern rim of the crater. Magnitie<l 48 diameters. 
Si)ecimen No. 97. A photomicrograph in polarize<l lijjht with crossed nicolp. The secretion con- 
sistH of a deep-brown glasm in which lie well-defined lathn of .plajjiocla«5 and equally slender prisms 
of hyfjersthene and augite; also a little mafrnetite. The pyroxenes can not well be distinguisheil 
from the plagioclase in the photomicrograph. See page 96. 

Fui. B. — Andesite of the hypocrystalline type, from Cathedral Rock. Magnified 21) diameters. 
Specimen No. 4o. A photomicrograph in white light. The ragged black cr>'stal is a brown horn- 
blende almost completely altere<l through resorption to a black aggregate of magnetite and augit<\ 
The section also shows two generations of plagio<*la8e. The lan?e phenrKjryst on the right represents 
the oldest generation with glass inclusions. For description see i>age 83. 

Fig. C. — Andesite from the water's e<lge at the head of Sun Creek. Magnified 48 diameters. 
Si>ecimen No. 78. \ photomicrograph in polarized light with crosse<l nicols. Illustrates the thinl or 
hohx-rystalline type of andesite and is characterize4 by the presence of allotriomorphie patches of 
feldspar, which appear as light spots in the photomicrograph. See page 89. 

Fk;. />. — .\ndesite from the i>ath leading from the camp ground to the water at Eagle Cove. 
Magnified 48 diameters. Specimen No. 9. Shows the junction between a hyalopilitic andesite on the 
right and a secretion in the same on the left. The se<!retion consists of a deep-brown glass and slender 
laths of plagioclase an<i prisms of hy|)ersthene and augite; als4j a little magnetite. See page 96. 
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descTibed under the following heads: Llao Rock, (xrouse Hill, Cleetwood Cove, 
Winegla-ss, Cloud Cap, Sun Creek. Outside of these six areas, as well as within the 
same, there oiTurs abundant <laoitie material, in the form of bombs and tufaceous 
matter, that will also rei*eive sefwrate considei-ation. 

As is usually the case with daeites. the groundmass of these rocks presentn a 
most remarkable variety of structures, and upon the variations in the ^roundmans 
most of the distinctions are to be }>ased. To a certain extent this is true of the 
phenocrysts, at least as far as their relative abundance is concerned. Upon the 
whole, however, the Crater Lake daeites, irrespective of the extreme variations in 
the groundmass, are characterized by the presence of well-defined phenocrysts. 
These minerals are labradorite, hypersthene, and brown hornblende, all of which 
are usually present, also augite and olivine, which may occasionally l>e seen. 

MINERAL COMPONENTS. 
FELDSPAR. 

While phenocrysts of feldspar are fairly abundant in all these daeites, and in 
some s]x?cimens very numerous indeed, in no i*ase could orthoclase be detected. 
Not only is it true that the feldspars turn out to Ix? plagioclase, but plagioclase of a 
decided ))asic variety, usually labradorite. In form they do not appear to differ 
materially from the similar phenocrysti? in the andesites. There are to be seen com- 
paratively lar^e, stout crystals with the basal pina<*oid and bi^achypinacoid, the two 
half prisms, and an additional dome or pyramid; also crystals that are more nearly 
rectangfular in cross section and usuallv smaller in size. The stout crvstals with more 
elaliorate forms are probably older than the othei*s, at le«st they appear to have 
greater extinction angles and to lie long to a more liasic plagioclase. These crystals 
are usually not numerous enough in any one thin section to allow the accurate 
determination of the maxiumm extinction angles; the extinction angles given below, 
therefore, although they are the maximum observed, probably do not indicate feld- 
spars as liasic as those actually present. Sections cut perpendicular to the twinning 
plane, and therefore showing symmetrical extinctions, gave the following maximum 
extinction angles, viz: 8(»- in No. 101, 31^ in No. 1()4, 30- in No. 197, and 33^ in No. 103. 
All four of these specimens came from the dacite of Llao Roi*k. No. 101 is a vitro- 
phyric dacite from the southern edge of the flow, and is almost identical with No. 102, 
of which a chemical analysis will )>e found on page 14<». No. llWt is a spherulitic 
variety of a vitrophyric type, and Nos. 197 and 103 are approximately holocrystal- 
line types. These measurements indicate a plagioclase at least as basic as labradorite, 
and probably more so. The above extinctions represent, however, not the whole 
crystal, but the inner part. The outer shell often gives nuich smaller angles. For 
instance, in No. loi the margin gives an extinction angle of 24 , which is six degrees 
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less than at the center, but even this is not too small an extinction for labradorite. 
The measurements given for the plagioclase phenocrysts of the Llao Rock flow do 
not diflfer materially from the obsei*ved extinction angles in the other dacite masses. 

Zonal structure is very strongly developed in these larger plagioclase pheno- 
crj^sts, and is particularly conspicuous in sections cut approximately parallel to 
the brachypinacoid. In such sections the zonal banding, as seen, in polarized 
light, indicates that the crystals in the earlier stages of growth had simpler 
forms. For instance, in a section parallel to the brachypinacoid, showing exter- 
nally traces of the basal pinacoid, prism, and two domes, the centml core shows 
only the basal pinacoid and one of the domes almost at right angles to the first- 
named form. In such sections the zones of different extinctions usually shade 
gradually into each other, so that from the center outward the extinction angle 
becomes less and less oblique to the ti*ace of the basal pinacoid. Almost always, 
however, there are to be seen one or more quite sharply defined shells with rather 
abrupt difference in extinction. Furthermore, this abruptness of change from one 
shell to the next is not infrequently accentuated by the fact that the extinctions 
do not change regularly from the center outward, but oscillate more or less. In 
other words, the plagioclase consists of concentric shells that alternate between 
less acid and more acid feldspars. As far as observed, the actual center is nearly 
always the most basic portion of the feldspar, but the shell immediately sur- 
rounding this center may be more acid than the next succeeding one. The alterna- 
tion of more and less acid shells is not usually sharp enough to admit of positive 
measurement. In the two following cases the measurements were shai-p enough 
to justify recording. 

In No. 102 occurs a section of plagioclase that is cut approximately parallel 
to the brachypinacoid and that shows the alternation of zonal shells very clearl3\ 
This may be seen illustrated in fig. i^'of PI. XIV (p. 76). The three most conspicu- 
ous zones are marked 1, 2, and 3, from the center outward. The crystal forms 
that could be identified by means of the cleavage cmcks are the basal pinacoid 
(001) and the pnsm (110). Two other plagioclase crj^stals are grown into this one — 
one almost at right angles, to be seen on the left side of the figure; the other, in 
the upper left corner of the figure, appears almost to continue the outlines of 
the main crystal. These two crystals do not appear to be in twinning relation- 
ship to the other. The extinction angles, as measured to the trace of basal pina- 
coid, as well as the corresponding percentage of the anorthite molecule, are given 
below for the three zones: 

1 = —12° = 43 per cent An = basic andesine. 

2 = —21° = 53 per cent An = labradorite. 

3 = — 5° = 30 per cent An = l)asic oligoclase 
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The percentages of An are given an corresponding to extinction angles meas- 
ured on a section exactly parallel to the brachypinacoid. That this is not ciuite 
true of this section is proved by the fact that the angle of equal illumination for 
the three zones is + 29° instead of the required angle of + 34^. As these extinc- 
tion angles do not indicate quite as basic a plagioclase as do the extinction angles 
on symmetrical sections, it is probable that a section cut exactly parallel to the 
brachypinacoid would give still larger extinction angles than are here indicated. 
But, at least, these measurements suffice to prove that in this case the inner por- 
tion of the crystal is not as basic as is the intermediate zone. 

In No. 101 was seen another section of plagioclase, cut similarly to this one, 
and also showing similar extinctions. Like the example given above, 1 is the 
center and 4 the margin. 

1 = -22° = labradorite. 

2 = —14° = l^aflic andesine. 

3 = —16° = basic ande^ine. 

4 = — 5° = basic* oligoolase. 

A comparison of the refractive powers of the plagioclase phenocrysts in the 
rocks containing these two crystals shows that they have higher refractive power 
than has the adjacent Canada balsam, i. e., higher than 1.540. This would indi- 
cate that they are more basic than oligoclase, even at the edge of the crystal. 

The plagioclase phenocrysts are frequently broken and the fragments scattered 
through the glassy groundma.ss. They also show frequent corrosion, but, unlike 
the andesitic plagiocla.ses, they do not often contain abundant gla.ss inclusions; at 
least, the crowding with glass inclusions and their distribution in an intermediate 
zone is not characteristic. An exception must he. taken to this statement, however, 
in favor of the dark-colored secretions that receive special treatment further on 
in these pages. Inclusions of slender apatite needles are common; also zircon 
crystals in short colorless or slightly brownish prisms may be seen, but very 
sparingly. 

The plagioclase that belongs more particularly to the groundmass seems to 
be oligoclase, on account of the very small extinction angles. A more detailed 
description of the groundmass feldspars will be found in connection with the 
description of the different dacite flows. 

Orthocluiie and (piartz are also entirely confined to the groundmass and will be 
discussed later. TndymHe is not common. It occurs in the customary clusters, 
apparently fllling small cavities (121); also to some extent in the fluidally arranged 
lithoidal dacites. 

HORNBLENDE. 

This is a very characteristic ingredient of the Crater Lake dacites. While it is 
almost entirely wanting in the andesites, it is conspicuously^ present, although in 
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only occasional crystals, in the dacites, or, at least, in most of them. Out of twenty- 
eight thin sections prepared from ditfercnt rock specimens, hornblende could be 
found in all but live. True, it is to be seen in a few of th(> thin sections in very 
small crystals, and in none of the rocks does it assume a prominent role as far as 
quantity is concerned, but it is always very easily recognized by its pecidiar color 
and characteristic pleochroism. It occurs always in long slender prisms, several to 
many 4;imes as long as thick. The prism invariably, and sometimes also to a slight 
extent the clinopinacoid, is strongly and sharply developed. Terminal faces are 
often wanting, and when present appear to be the usual flat basal or pyramidal 
faces. They are frequently minute and are rarely over 1.5 millimeters in length. 
These hornblendes may all be classified as belonging to the brown variety, although 
there is really a great range in color. They may be further divided into, first, 
brownish-green; and second, brownish-red varieties. 

The first, or brownish-green hornblende, is much more common than is the 
second variety. It may l^e studied in Nos. 102, 117, and 118. Pleochroism is very 
strong. jC = dark olive green with usually a trace of brown, b = dark greenish 
brown, a = lemon yellow to greenish yellow. At times the i*ays vibrating parallel 
to C are almost a pure deep olive green. In any event brown is most conspicuous 
in the rays vibrating parallel to ft. This hornblende has a very unusual absorption, 
in that the absorption pai*allel to b is greater than that parallel to jC, thus, b>c>a. 
In some cases there appears to be very little difference in color and absorption 
between h and c, but wherever there is a marked difference the absorption is as 
given above. Professor Rosenbusch" refers to an observation by A. Osann of a 
hornblende phenocryst in an andesite from Hoyazo, Cabo de Gata, which has not 
only the same absorption but also nearly the same colors as have these hornblende 
phenocrysts from Crater Lake. The pleochroism as given is as follows: a, light 
greenish yellow; b, greenish brown; c, dark greenish yellow; and b>JC>a. 

The extinction angles for these hornblende crystals are very small, 6° or 7^ 
being the maximum observed. Further optical properties, as far as could be 
observed, appear to correspond w4th those of the similar hornblende that forms a 
large part of some of the so-called secretions to be descril>ed later in this paper. 
Twinning parallel to the orthopinacoid is very common. 

The dark brownish-red variety of hornblende is to be seen in Nos. 104, 110, 
112, and 114; it also occurs less abundantly elsewhere. In form it does not differ 
from the above-described variety. The pleochroism is fully as marked, but the 
colors are very different, c = dark brownish red, b = reddish brown, a = yellow, 
with C>b>a. The absorption is normal. The deep brownish-red color of the 
rays vibrating parallel to C are very striking and characteristic. This color is 



aMikrofikopi8che PhyMiographie, 3d edition, Vol. 1, 1892, p. 658. 
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sometimes almost blood red and reminds one strongly of the color of hematite in 
very thin scales. The extinction angle does not differ materially from that of the 
first variety. 

In one or two cases both of these varieties of hornblende mav be seen in the 
same thin section (104). They are both of them usually perfectly sharply crystal- 
lized and unaltered. Only in rare ca.ses can a partial resolution with development 
of black rims be noted (124), and, from the very few sections observed, it is not 
possible to state whether both of the varieties may have such resorption rims, but 
it appears as though this were the case. As far as can be seen, there appears to be 
no difference in the relative ages of these two varieties. They are the youngest 
of all the phenocrysts. The greenish-brown variety, at least, contains inclosures 
of plagioclase, hypersthene, and augite. The hornblende occasionall}^ appears with 
other minerals in the form of nests and then is not as apt to occur in slender 
prisms as in more irregular grains. 

HYPERSTHENE. 

This mineral is not as abundant as it is in the andesites, but it is never entireU^^ 
lacking. It occurs in the same forms — namely, prism, two pinacoids, and flat ter- 
minal faces, in the same habits and with the same color, pleochroism, and inclos- 
ures of glass, etc., as it does in the andesites. The reader, therefore, is referred 
to the description of this mineral as given under the andesites on pp. 78 to 82. 
It could not be noticed that the pleochroism is less pronounced or the colors less 
deep than they are in the andesitic hypersthenes, so that there is no reason for 
considering these orthorhombic pyroxenes as enstatite rather than hypersthene. 
The crystals are mostly very sharp, although they may at times show some round- 
ing of the comers. In only one case was a resorption noted, accompanied b}^ the 
development of a dark, blackish-red, opaque rim (112). 

AUGITE. 

This mineral is to be seen in about one-third of the thin sections studied. It 
is much less abundant than hypersthene and is inclined to occur in more or less 
irregular grains rather than in sharp crystals, although the latter are by no means 
lacking. In color it is a pale green without noticeable pleochroism. It has been 
noticed to inclose magnetite and apatite. It is younger than hypersthene and also, 
as a general thing, younger than plagioclase, but is older than hornblende. 

OTHER MINERALS. 

Olivine wtsis observed only in the older secretions that accompany these dacites 
and will be referred to under that head. Apatite and zircon occur as occasional 
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inclosures in the diflferent phenocrvsts, as docs also magnetite. The first of these, 
however, is not easily found. It^ color is sometimes a distinct lirown, and the 
foi'm roundish prismatic. 

The order of crystallization for the above minerals, leaving out these last- 
named accessory minerals, is as follows: Hypersthene, plagioclase, augite, and 
hornblende, with some variability as to the plagioclase, as this mineral is at 
times older than hypersthene. 

DISTRIBUTION AND DESCRIPTION OF DACITE MASSES. 

LI.AO ROCK FLOW. 

As far as may be judged from the few specimens collected from this most con- 
spicuous of the Crater Lake dacite flows, the Llao Rock mass shows three quite 
distinct varieties of dacite — namely, vitrophyric, lithoidal, and spherulitic dacite. 

VITROPIIYRIC DACITE. 

This variety was collected from the extreme southern edge of the lava flow, 
where it is necessarily very thin. It is represented by Nos. 101 and 102. The hand 
specimens present the appearance of a perfectly fresh vitrophyre in which the glass 
base, which constitutes at least four-fifths of the entire mass, has a dark, greenish- 
gray color. In this glass base are inclovsed numerous phenocrysts of plagioclase that 
measure not over 1 to 2 millimeters, and that are white and glass}^ and show hardly 
a trace of cleavage. In tuldition to these area very few minute, deep-brown to green 
and black, resinous-lustered crystals that are hardly to be seen without a magnifying 
glass, and that, in thin section, prove to be usually hypersthene or hornblende. 
There are also to be noted a few angular fragments, compact, grayish brown and 
dull lustered, measuring one-quarter inch to one inch or more in diameter. These 
are referred to later under the head of nodular secretions. This rock is more or less 
cracked in diflferent directions owing to shrinkage in cooling. The rock parting 
'along these cracks, which sometimes gap, breaks into very smooth flat surfaces that 
have a distinct gloss. Otherwise the fracture is rather rough or small-concoidal, 
owing to the presence of the abundant plagioclase phenocrvsts. This vitrophyric 
dacite may also be streaked by more or less parallel bands of grayish-looking pumice, 
as may be seen in a specimen collected by the writer on the same spot. (No. 2013.1 
of collection of H. B. Patton.) 

In thin section the glass base appears to be clear and colorless and to be crowded 
with very sharp and straight and remarkabh^ even-sizeil microlites of augite that 
measure 0.003 millimeter wide by 0.02 to 0.04 millimeter long. (See fig. A of 
PL XVIII, p. 132.) These microlites are too small to show an}^ color, but the strong 
refraction is evident, as well as double refraction and an extinction angle up to 45^. 
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There are also to be seen a very few opaque curved black trichites. The straight, 
colorless augit(» niicrolit(\s ai)jH^ar to be the same as are to be seen sparingly developed 
in a thin section prepared ])y the United Statt»s Geological Sui'vey from the rhyolitic 
IKirlite of the Yellowstone National Park/' They still more closely resemble in size, 
api>earance, and numbers the straight colorless microlites in the dacite from I^assen 
Peak, California, No. 82 of the above-mentioned Educational Series.* The close 
resem))lance ])etween the Llao Rock dacite and this dacite from Lassen Peak will 
})e again referred to in these pages. 

A few feldspar microlites occur in No. 101 , but almost none in No. 102. These are 
in part lath-shaped plagiodase with very small extinction angles, but mainly short- 
rectangular to square, untwinned feldspar that usually extinguishes nearly parallel 
to the sides. In No. 101 was seen a nearl}^ rectangular section of feldspar that was 
not larger than nor even as large as many of the feldspar microlites (0.05 millimeter 
long), in the center of which was a brown-glass inclusion with sides parallel to the 
crystal edges and occupying at least one-third of the whole crystal, itself inclosing 
a compamtively large air Imbble. The extinction angle measured to the longest 
side was 18^. No twinning was apparent. A reproduction of this crystal may be 
seen in fig. G of PI. XIV, p. 70. 

Fluidal structure, which is hardly to be seen in the hand specimen, is very 
conspicuous in the thin section, owing to the more or less parallel arrangement 
of the microlites which occur in flowing lines lapping around the phenocryst^ of 
plagiodase, hy|>ersthene, and hornlJende, and of accessory magnetite and apatite. 
Hypersthene is scarce and hornblende still more so. The latter occurs mainly in 
very small needles and only occasionally in crystals comparable in size with the 
hypersthene. In one instance a small crystal of hornblende with sharp crystal 
forms was observed clearly inclosed in plagiodase. This is a decided exception to 
the rule that hornblende in these dacites is the youngest of the phenocrysts with 
the possible exception of augite. 

The chemical analysis of No. 102 is given on page l^iO. 

LITHOIDAL DACITK. 

This rock (103) comes from the summit of Llao Rock. It consists of a light- 
gray, dense, and somewhat porous groundmass with thickly scattered, small, white 
feldspar phenocrysts, similar to those in the vitrophyric variety; it consists also of 
a few almost unnoticeable darker phenocrysts. It breaks with a decidedly rough 
fra(;ture and does not show any fluidal structure. 

In thin section the groundmass is seen to contain small plagiodase laths, 
similar to, but much more abundant than those mentioned as occurring in No. 101; 

"No. 61 of the Eduoationul Series of Hooks describiMi by J. P. Iddings in Bull. U. 8. Gcol. Survey No. 150, p. 151. 
fcJ.S. Diller. op. cit., p. 217. 
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also a few feldspar crystallites with rectangular outlines and mu(^h more feldspathic 
matter that shows no distinct forms and that is iiot capable of a])sohitc identilication. 
There is undoubtedly much glass present but, being colorless, it is almost concealed 
by the abundant crystalline matter inclosed. In white light with w(»ak magnifying 
powers the thin section has a somewhat dusty appearance. When strongly mag- 
nified this dusty matter resolves itself into minute, colorless, straight augite 
microlites, like those described as chai'acteristic of the vitrophyric rhyolite, together 
with somewhat larger microlites of the same mineral that inclose a few very minute, 
black, and opaque grains — presumabl}' of magnetite. Probably the dusty appear- 
ance is intensified by the presence of small air bubbles in the glass base. Phe- 
nocrysts occur about as in Nos. 102 and 101, with the addition of a very little 
augite in sharply defined and almost colorless crystals. 

This can not be said to be a typical lithoidal dacite. The abundance of plagio- 
clase microlites and the scarcity of the untwinned groundmass feldspar with square 
or rectangular forms cause this rock to resemble some of the more dacitic andesites 
of this region. 

SPHERULITIC DACITE. 

A specimen of spherulitic dacite, No. 108, was collected on Llao Rock in 1883. 
The field label accompanying the specimen does not state the exact location. In the 
hand specimen this is seen to consist of a nearly black glass veiy thickly crowded 
with brownish spherulites that measure from 8 to 5 millimeters in diameter. So 
thickly crowded are these spherulites that they often interfere and make up much 
more than one-half of the mass. The spherulites consist of two, sometimes three 
parts. The center is of a dark-gray color, and has a very dense, felsitic texture. 
Around this is a ring or zone about a nnllimeter wide, of a less dense or even of 
minutely porous material, and of a brownish, reddish-brown, or light grayish-brown 
color. Outside of this agam occurs usually, but not always, the third part, dense 
like the central portion, and either gray in color like the center or of a deeper brown 
than the intemiediate zone. Many of the spherulites show gapping cracks that seem 
to ])e confined to the middle zone. There is, however, no trace of lithophysal devel- 
opment. The inside of these cavities is rough, and of about the same color as the 
middle zone of the spherulites in which they lie. They do not appear to contain 
ciystals. Upon cross fracture these spherulites have a distinct radiated appearance. 
The customary phenocrysts occur quite indifferently in the glassy portion as well as 
in the spherulites. 

Under the microscope the glassy groundmass is almost identically the same as 
that of the vitrophyric dacite described above. The same colorless augite microlites 
of about the same size, 0.03 to 0.05 millimeter long by 0.003 millimeter wide, may 
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))e seen. A very slight distinction may J)e noted in that these augite microlites are 
not perfectly dear, but often have a small amount of black, opaque, dusty matter — • 
prolmbly magnetite — either adhering to the outside or inclosed within. Curved, 
black microliteN were not observed. Most of the spherulites show two or three 
periods of growth that corresiK)nd to the different colored zones noticeable in the 
hand specimen. One or two appear to have had but one period of growth — ^that 
corresponding to the inner portion of the others. This inner part has a dirty-brown 
or grayish- brown color, lets through but little light, and shows a distinctly fibrous 
radiating structure. The fibers are very fine, and hardly distinguishable from each 
other. They polarize light feebly, and have a positive extension. Owing to the 
partial opacity of this central portion, the usual black cross is hardly discernible. 

The portion of the spherulites that belongs to the second or intermediate zone 
does not seem to be as porous as the rather rough appearance in the hand specimen 
would indicate. It is, in fact, mostly quite solid. It appears in a light-brown color, 
very much lighter than the central pait, and is composed essentially of distinct shreds 
of a colorless mineral diverging from the center outward and branching at low angles. 
These shreds are coarse enough to show extinction angles often quite oblique to their 
longer axes. They have invariably a positive extension. In polarized light they 
appear to continue the finer fibers of the central portion. Between the arms of the 
branching positive shreds occurs frequently unindividualized matter that shows feebly 
negative polarization — considering this substance to be also fibrous; but all the more 
distinctly recognizable shreds are positive. 

These coarse branching shreds so closeh^ correspond to the feldspar of the spher- 
ulites in the obsidian of Obsidian Cliff in the Yellowstone National Park, as describea 
by Iddings,^ and to that of the spherulites from the region of Rosita and Silver Cliff, 
Custer Count}', Colo., as describe<l by Cross,* that, after studying thin sections pre- 
pared from spherulites from the latter place, the writer has no hesitancy in pronounc- 
ing these in the Llao Rock rlacite as belonging to feldspar also. In their positive 
character they correspond to the feldspar in many of the spheinilites from Custer 
County, Colo. The brownish color of this intennediate portion is due to the pres- 
ence of brown, yellowish, and reddish ferritic matter in the form of dust particles, 
and occasionally in the form of minute scales. A radial arrangement of this ferritic 
matter is not marked. 

The outer portion of these spherulites when seen in thin sections appears to be 
identi(^l with the central core. It is often entirely missing, and when present does 
not usually envelop the whole spherulite, but appears as irregular lobes or prolon- 
gations of the same. 



<i Seventh Ann. Kept, U. S Geol. Survey, 1888, pp. 276-278. 

^Constitution and onjrin of spheruntes in acid eruptive nn-ks: Bull. IMiiUw. Soo. Washingrton, Vol. XI, 1891, pp. 411-440. 
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The strings of augite niicrolites that accentuate the fluidal structure of the glassy 
part of the rock pass uninterruptedly through these spherulites, and the phenocrysts* 
lie embedded in them as well as in the remainder of the rock, as is universally the 
case in such bodies. Part of the ferritic matter may be seen to arise from the further 
oxidation or hydration of the ore particles that adhere to the augite microlites. 

The phenocrysts observed in this rock are plagioclase hypersthene, hornblende, 
and augite, with accessory apatite and magnetite. The order of crystallization is 
(1) magnetite and apatite^ (2) plagioclase, (3) hypersthene, (4) augite and hornblende, 
(5) the spherulitic forms; to which may be added augite and feldspar microlites of the 
groundmass, which belong between 4 and 5. The hornblende is very sparingly devel- 
oped, as is usual, but occurs in both the brownish-green and in the brownish-red 
varieties. 

This spherulitic dacite should be compared with the very similar occurrences in 
the Cloud Cap flow. 

In the thin section of this rock may also be seen a few small inclusions of 
identical nature with the inclusions of older secretions to be found in No. 102, 
described immediately below. 

NODULAR SECRETIONS. 

In the description of the vitrophyric dacite (102) from the south end of the 
Llao Rock flow, reference is made to inclosed angular fragments of compact, 
grayish-brown, dull-lustered material. In the thin section of this rock there 
occur three of these inclusions, the largest of which is about millimeters in diam- 
eter. They are composed of a loosely felted mass of slender hornblende prisms and 
also of almost equally slender plagioclase laths, with a few octahedrons of magnetite. 
In the interstices of this felt is to be seen a brown glass that composes at most 
one-quarter of the mass. The hornblende and plagioclase are present in about 
equal amounts. The hornblende is very uniformly about 0.1 millimeter in width 
and from 0.5 to 1 millimeter in length; the plagioclase is aln^ut the same in width, 
but not quite so long. In one of these inclusions the color and pleochroism of 
the hornblende are almost identically' the same as that of the reddish-brown 
hornblende that is mentioned above as occurring in many of the dacites. It is 
to be distinguished only by the very slender form and by its great abundance. 
The extinction angles in the prism zone are very small, farely over 3^. 

In another of these inclusions the hornblende has the color and pleochroism 
of the greenish-brown hornblende of the dacites, while in the third one the color 
is intermediate between the two. This change of color, corresponding as it does 
to the variations of color of the hornblende in the different dacites or in the same 
dacite, forms one of the arguments in favor of this being an older secretion. The 
form of this hornblende does not vary with the change of color. Usually only the 
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unit prisin is U} Ih? noted. Th(» U^rmiimtions are not often shaip. The prisms 
eitlier tA\HiV out at tlie end, or end roui^hly, its though broken off. 

The phijtricM'lase is usuaUy simply twinned, with only two or three bands visible. 
The larjjfest extin<»tion in a synniietrieal section observed was IM) . The^c ver^' 
slender hiths eon tain long brown jj^lass inelosures that often^ show the forui of the 
host. The prisms of plagioclase and hornblende do not often intcrfeiv, )>ut when 
they do it d(M»s not ap|)ear that one of these ingredients is older than the other. 
In addition to these lath-shaj)ed plagioelase, this mineral also oceurs in two or three 
eomiMimtively large and decidedly sfjongiform, stout crystals that contain much 
colorless glass, and bits of hornblende of the same color as in the section outside 
of the feldspar. It is rather remarkable that this mineral should l)e thus inclosed 
in the plagioclase, inasmuch as elsewhere in these dacites hornblende belongs to 
the youngest of the ])henocrvsts. It is to be noted, however, that, as it occurs 
thus inclosed in plagioclase. it does not hav(» the same sharp form as is otherwi.se 
to ])Q seen. In fact, it presents exactly the appeamnce of having been fonned as 
a secondary min(*ral in the feldspar. 

Ik>th hypersthene and augite seem to be missing. 

There does not appear to the writer to l>e much doubt that these inclosui*es are 
fragments of older secretions from the dacitic magma, although the absence of the 
pyroxenes is hard to explain on this supposition. But the tendency for the ing^re- 
dients to assume* long slender fonns, quite distinct from those in the rock in which 
they occur, appears to In? very characteristic not only of this but of other secre- 
tions that will be described later as occurring in the dacites, and also of seci*etioiis 
in the andesites. 

Fig. A of PI. XVIII (p. 182) is a photomicrograph from No. 102, and shows 
both the secretion and the inclosing vitrophyric dacite. 

Reference is made elsewhere to the resemblance l)etween some of the viti"o- 
phyric dacites of Cmter Ijake and the dacite from Lassen Peak, California, of 
which Mr. Diller has given a brief description." In this description Mr. Diller 
mentions and gives a photograph of angular nodules inclosed in the dacite. His 
description of the microscopic appearand* of these inclusions, corroborated hy 
study of the thin sections kindly loaned th(» writer for the purpose, discloses a 
verv close resemldance to the inclusions from the Llao Rock dacite. In color, 
form, and structural relationships of the hornbU^nde and in the occurrence of plagi- 
oclase and a small amount of brown glass the res(»mblance is very dose. The 
main points of difference are these, that the I^iassen Peak inclusion is coarser 
grained, the hornblende prisms are not so slender, and the hornblende not infre- 
quently incloses plagiochist* laths; also biotite and pyroxene and a little olivine 
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and tridymite are present. The appearance of Inotite in the Lji.s.sen Peak secretion 
is to be expected, as the same mineral occurs in the dacite itself. 

GROUSE HILL FLOW. 

The four si)ecimens collected from this ma.ss (1<»5, 106, lOT. and loS) are far 
from beinjr a typical diicite. If this were the only exami)le of this kind of rock 
in connection with the Crater Lake lavas the rock, would naturally b(» classified 
as an andesite. As a matter of taet it partakes of the characteristics of both diicites 
and andesites to such an extent as to represent a thoroughly intermediate type. 
Taken in connection with both the andesites and the dacites of the surrounding 
region the dacitic characteristics predominate, so that the rock may well be called an 
andesitic dacite. 

These four specimens are light gray or, in the case of No. loT, lirown and gray 
streaked, rough-fracturing and slightly porous rocks with the usual small and not 
very conspicuous phenocrysts. lender the microscope the groundmass vari(\"< from 
glassy to hypocrystalline, the variations occurring in iiTegular streaks to be seen in 
the same thin section. In general the groundmass contains a good deal of crystalline 
matter, which consists mainly of small lath-like microlites of plagioclase, together 
with small, rectangular, untwinned feldspar crystallites, such as are to be found very 
abundantly in the more typical dacites. The plagioclase microlites are similar to 
those seen in the dacite of Llao Rock, but are here much more numerous and are the 
fixture that most closeiy reminds one of the andesites. They are probably oligoclase, 
as the extinction angles are mostly very small. In addition to these feldspars may 
also be seen very slender and minute colorless microlites resembling the augite 
microlites of the Llao Rock flow, but differing in being not quite so sharp or straight, 
also in having a tendency to taper out at the end. They are undoubtedly augite. 
A small amount of black, opaque, iron oxide, distributed as minute, dust-like particles, 
assists the augite microlites in giving to the groundmass a clouded aspect. The 
brown color of No. 107 is produced by the presence of brownish and yellowish 
ferritic staining matter. 

All four of these specimens contain plagioclase, hypersthene, augite, and reddish- 
brown hornblende as phenocrysts. The plagioclase has a stronger tendency than is 
customary in the Crater Lake dacites to become crowded with glass inclusions. 
Augite is more abundant than in the more typital dacites. It occurs both in shaip 
but small and often twinned crystals and in irregular grains. The hornblende, which 
belongs to the reddish-brown variety, is also somewhat more abundant than usual. 
In No. 106 it occurs in uncorroded crystals, on one of which tin* forms (110), (010), 
aiid (100) were noticed. In the otluM's the hornblende is more or less corroded and 
has developed resorption rims of magnetite and augite. In Fig. 7/ of PI. XIV (p. 7*)) 
may be seen a reproduction of a crystiil of hornblende in No. 105. 
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CLEETWOOD COVE FLOW. 

This mass is one of the latest lava flows to be found on the rim of the 
crater. According to Mr. Dilier a part of this stream was fluent at the time the 
summit of Mount Mazama subsided, and a portion of the stream that ran back 
into the pit formed by the su])siding cone may ))e seen at the head of the cove 
at the waters edge. The lava of this mass, as far as may be judged from the 
five specimens collected, is of two varieties, a vitrophyric and slightly spherulitic 
and a lithoidal varietv. 

The vitrophyric type is seen in Nos. 109, 110, and 111, which were collected 
on the crest of the rim. These appear in the hand spe^jimens to be very glassy 
and to consist of mixtures of black to grayish-black and of reddish-brown glass. 
The reddish-brown portion is a little more abundant than the black and forms 
more or less continuous streaks, while the black is more frequently in the form 
of small, angular patches, inclosed in the former. When examined with a i)ocket 
magnifying glass the brown portions appear often porous and possess a some- 
what ropy structure, while the black portions are solid. Small phenocrysts of 
white glassy-looking plagioclase abound as usual. 

In thin section it is evident that the brownish portions result from the altera- 
tion of the l>lack glass simply by a process of hydmtion of the iron contained in 
the glass. The fresh and unaltered parts appear in a thin section as a light-brown 
glass, perfectly fresh and clear, but irregularl}^ dotted with very small colorless 
glass spots. This light-brown glass contains countless minute and colorless augite 
microlites whi<^h, in No. 109, are identically like those in the glassy dacite from 
the southern end of Llao Rock. In No. Ill the groundmass contains, in addition 
to these augite microlites, also a few plagioclase microlites. In No. 110 the augite 
microlites are more slender and longer, as well as more numerous, and the feldspar 
microlites occur in lath-shaped plagioclase, and still more conspicuously in the 
squarish or rectangular untwinned forms that are more especially characteristic of 
dacites. In all three of these there is a partial development of spheinilitic forms. 
These occur in small reddish to brownish or yellowish spheres that very faintly 
polarize light and have a not very distinct radial structure. 

The brown color of the rock as seen in the hand specimen is due largely to the 
ferritic matter contained in the spherulites, but is also due to staining of the glass 
in the vicinity of cmcks and pores and around the spherulites. 

The phenocrysts, with the exception of plagioclase, are small and very scarce. 
They consist of hypersthene and a very few minute, reddish-brown hornblendes (not 
more than three or four in a thin section). Augite is entirely wanting. 

The lithoidal variety of dacite from this lava flow is seen in Nos. 112 and 118. 
The former has a dark-gmy, compact, and duU-lustered groundmass and strongly 
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developed fluidal structure; the latter is light gray and lusterless, but not fluidally 
developed. Both of these probably contain considerable glass, but in No. 112 this 
is partially, and in No. 113 almost entirely, obscured by devitrification products 
common to lithoidal dacites. In both, the augite microlites abound, but in No. 113 
these are notably larger than in the other dacites heretofore described in these pages, 
and they are granulated by means of adhering and inclosed magnetite grains. In 
this rock, too, the colorless crystalline material of the groundmass is coarser than 
usual. Very little of it can actually be identified as plagiocla^e microlites. It con- 
sists, rather, of allotriomorphic shreds that may be feldspar or quartz, and that have 
a general elongation parallel to the fluidal planes of the rock. Small plagioclase 
phenocrysts abound, but other phenocrysts are very scarce. Hornblende is nearly 
missing and augite entirely so. 

A chemical analysis of No. 113 will be found on page 140. 

WINEGLASS FLOW. 

This embraces only the small dacite flow, about three-quarters of a mile long, 
that starts near the rim at the Wineglass and extends northeastward. In the hand 
specimen the rock (114) closely resembles the brown and black vitrophyric dacite 
from the Cleetwood Cove region, just above described. In this case, however, 
the black glassy portions appear more as elongated streaks accentuating the fluidal 
structure. 

Under the microscope the darker portions that appear black in the hand 
specimen are seen to be composed of nearly pure glass, but not of a uniform color. 
The rock consists of more or less parallel strands of absolutely colorless glass and 
of glass rendered more or less opaque by means of blackish to brownish minutest 
dust-like particles of uncertain character. The usual microlites of augite appear 
to be missing. This interweaving of colorless and dark-colored strands causes the 
glass to assume a decided stringy appearance. In case two phenocrysts approach 
each other the strings or strands are apt to assume almost or entirely parallel 
directions, but elsewhere they show a constantly varying arrangement, frequently 
becoming wavy or strongly crinkled, like the crinkling of many chlorite- and mica- 
schists. Furthermore, this stringy structure does not run uninterruptedly through 
the thin section, but is broken up into more or less separate areas that have 
lenticular or twisted forms. In general the arrangement of these glassy strands 
corresponds with the customary fluidal structure of glassy rhyolites and dacites, in 
that the strands lap or flow around the phenocrysts, after the manner of strings 
of microlitic inclosures. 

The red portion of this dacite does not appear to differ in thin section from the 
above-described black areas, except that it is stained with dirty looking, brownish, 

9266— No. 3—02 8 
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powden\ ferritii* matter. It constitutes the greatt^r jmrt of the rock and appears 
to inclose irregular, frayed out areas of the darker colored glass. This partial 
akernation of different colored areas lends a lirecciated appearanc^e to the whole. 

The characteristic structure of this dacite does not differ essentially from 
similar structures as descriln^d l)v observers elsewhere, ))ut it reminds the writer 
forcibly of the red of)sidian which Iddingrs has described, and of which he has 
given a c^olored reproduction." The phenocrvsts of this dacite are not noticeabU' 
different from those in the dacites already described. They consist of plagioclase 
and hypersthene and of isolated, minute, reddish-brown hornblende. The rock 
also contains small fragments of a holocrystalline, poi*phyritic, hypersthene-ljearing' 
basalt, and in one case at least of a hyalopilitic andesite. These fragments are 
with a few exceptions hardly noticeable in the hand specimen, as they are small, 
but they are very numerous, as each of the two thin sections prepared from this 
rock contains eight or nine such inclosures that measure from 2 or 3 millimeters 
down to about 0.02 millimeter in diameter. 

The chemical analysis of this dacite will be found on page 140. It will be 
noted that the amount of silica is 2 or 8 per cent less than in the two other dacites 
analyzed. Unfortunately the presence of the above-mentioned inclosures of basalt 
vitiate to some extent the analysis. The lower percentage in silica may easily be 
explained by the presence of these inclosures, which may have been present in the 
portion sent for analysis to an even greater extent than is indicated by the thin 
sections. 

CLOUD CAP nx)w. 

This is an extensive flow that starts at Cloud Cap and extends for about 3 miles 

in a northeasterly direction with a breadth of about a mile. The rock specimens 
collected from this flow and included in this description are Nos. 115, 116, 117 

118, 119, and 120. With the exception of one distinctly lithoidal specimen (119), 

these are mainl}^ very glassy and also largely spherulitic dacites, closely resembling 

the Llao Rock mass (as seen in Nos. 101, 102, and 104). The glassy portion of these 

rocks has a light-gray color. Phenocrysts of white glassy plagioclase are abundant, 

and phenocryst< of the ferromagnesian minerals are scarce. Spherulites are to be 

found in Nos. IIH, 117, and 120, but the\' are conspicuouslv visible in the hand specimen 

only of the last mentioned number. Here they 0(*cur from one-fourth to one-half 

inch in diameter, and have a whitish to light-dral) color. The larger sphenilites 

are more or less hollow and show on the cracked surface a fluted or ribbed structure 

i-adiating from the center outward. 

As this rock does not difl*er very materially from the sphenilitic dacites already 

described, a brief description of the microscopic characters will suflSce for pre^nt 
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purposes. The glassy portions in the spherulitic varieties, as well as in the entirely 
vitrophyric groundmass of No. 118, contain characteristic streams of minute straight 
and colorless augite microlites, like those in Nos. 101 and 102 of the Llao Rock mass. 
Microlitic feldspars, in the form of lath-like plagioclase and rectangular and appar- 
ently untwinned feldspar, occur in varying amounts, both in the same and in dif- 
ferent thin sections. Some streaks may be almost entirely devoid of such feldspar 
microlites, while others may be crowded thickly with them, while between these two 
extremes there appears every conceivable intermediate stage. In two or three thin 
sections, but more noticeably in No. 117, the untwinned feldspar, or more properly 
the microlitic feldspar, that does not appear to have the albitic twinning, occurs in 
very thin leaves that show striking Carlsbad twinning. The two individuals that 
make up one of these twins have each of them simple quadrilateral form, and the 
leaves lie over each other joined by the clinopinacoid, which is also the plane parallel 
to which the little leaves are extended. Professor Rosenbusch refers to such twinned 
microlitic feldspars as occurring in rhyolite pitchstone and rhyolite obsidian. No. 
116, which shows in the hand specimen very strongly developed fluidal structure, 
consists of alternating, parallel streaks of vitrophyric, spherulitic dacite, and of a 
more lithoidal dacite free from spherulitic inclusions. The lithoidal streaks have the 
plagioclase laths very strongly developed and at times bear a marked resemblance 
to some of the Crater Lake andesitic rocks. On the other hand. No. 115 has a brown 
glass groundmass, inclosing numberless somewhat granulated augite microlites, and 
is almost free from feldspar microlites of any description. Slender, straight, and 
curved opaque black trichites, as well as a very little black ore in minutest grains, 
may also be mentioned as occurring in some of these specimens. 

The spherulites differ somewhat from those in No. 104, in that zones of growth are 
not so plainly developed. There is, however, often an inner, coarse-grained portion 
occupying the greater part of the spherulite and an outer, denser, and usually deeper 
stained zone. The inner coarser part is made up of radiating shreds that show both 
positive and negative extinctions; usually, however, positive. They also have a 
tendency to fork at small angles and do not extinguish always parallel. 

The phenocrysts do not present any characteristics peculiarly different from 
those common to the other dacites with the possible exception of hornblende, which 
is rather more abundant than elsewhere. It has mostly a greeqish-brown color, but 
also occurs reddish-brown in No. 116. It is absent only in No. 115. It is of interest 
to note in this connection that, although these rocks contain more hornblende than 
do the other dacites of Crater Lake, still the actual amount is very small indeed. As 
far as may be judged, a thin section from this flow does not contain one-fiftieth or 
perhaps one-hundredth part as much hornblende as does the dacite from Lassen 
Peak, to which reference is made above, and with which these Crater Lake rhyolites 
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are closely allied. It should further be stated that occasional nests of older secretions 
are to be seen cx)nsisting of plagioclase^ hypersthene, hornblende^ augite, and mag'ne- 
tite, in which hornblende is apt to be very abundant. Zircon, which is so often 
reported as occurring in such rocks, appears to l>e a rare accessory mineral in the 
Crater Lake rocks of all types. It was noticed in a single crystal in No. 117. 

SUN CREEK FLOW. 

This mass includes all the da^ntic area to be seen on both sides of Sun 
Creek, and stretching to the east as far as Sand Creek. The specimens studied 
are Nos. 121, 122, 128, 124, 125, 126, 127. No. 144 comes from a secretion in 
dacite and will be described later. No. 123, which is distinctly different from the 
others, will be found described on page 139, under the head of secretions. No. 128 
is a dacite tuff. 

This is the only dacite mass to be seen on the south side of Mount Mazama. 
It differs from all the above-desc»ribed dacites, in that, as Mr. Diller has shown, 
it belongs to an earlier period in the formation of the volcano and is overlain by 
andesite flows. Although the individual specimens alx)ve numerated vary greatly 
in their outward appearance, they are in general much more thoroughly crystalline 
than are the more recent dacites on the northern and eastern sides of the lake. A 
glassy groundmass is not wanting in i)ortions of these rocks, but devitrification, 
either contemporaneous with the cooling of the rock or subsequent thereto, is well 
developed. These rocks, therefore, are tetter suited to a study of the lithoidal 
types and will receive more individual attention than has been given to most of the 
specimens thus far. 

No. 121, taken from the west side of Sun Creek Canyon, is a light-gray, porous, 
and rough-fracturing rock, with inconspicuous phenocrj^sts, and with numerous 
rough cavities that are lined with minute whiU* glassy cr^'stals. Some of these 
crystals, scraped from the cavity with a knife, proved to be tridymite, together with 
some feldspar similar to that described later as visible in the thin section lining the 
cavities. 

Under the microscope the groundmass appears to })e in most places holocrystal- 
line, or at least one in which a glass base plays a very subordinate role. Here and 
there, however, the thin section assumes a brownish ca^st, indicative of abundant 
glass. The colorless particles, which appear to make up the bulk of the ground- 
mass, are neither elongated nor squarish in cross s(*ction, but have ill-defined, 
roundish, allotriomorphic foiui. Throughout this granular mass are scattered minute 
opaque dust-like ore particles, and also many minute yellowish to colorless dust-laden 
augite microlites. Irregular longish cavities abound, the larger of which are 
empty; the smaller ones are often filled with tridymite. Between this tridymite 
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and the walls of the cavity is a narrow fringe of colorless grains, the same to all 
appearances as those that form a large part of the groundmass. Wherever these 
colorless grains come into contact with the Canada balsam they are seen to have an 
index of ref ractioil lower, but only very slightly lower, than that of the balsam, so 
that the edge of the grain can hardly be distinguished. They can not, therefore, be 
quartz. They are structureless and without twinning bands. In polarized light the 
polarization colors are much higher than in the adjacent tridymite. Some of the 
largest of these grains (0.02 to 0.03 millimeter) give biaxial images in convergent 
polarized light. In one case a distinct cleavage was noticed with an extinction angle 
of 7i° to the trace of the cleavage plane. Convergent polarized light gave a positive 
large-angled bisectrix in the center of the field, with the plane of the optical axes 
inclined 7^^ to the trace of the cleavage. These properties would certainly indicate 
orthoclase, in which case the grain just mentioned is cut nearly parallel to the 
clinopinacoid. These fringing grains are free from solid inclosures, but they appear 
to contain gas pores. 

That, in spite of the above-described properties, these colorless gitiins are 
probably not orthoclase, may appear from the following two considerations; First, 
the index of refraction is too high for orthoclase, although, like orthoclase, it is 
lower than that of the Canada balsam, whose index of refraction is taken to be 
1.640. Orthoclase, whose index of refraction is about 0.025 less than that of 
balsam, should present a sharply defined edge at contact with the balsam. Second, 
many or even most of these grains have an undulous extinction. This second 
consideration would suggest the presence of anorthoclase, which would also be 
corroborated by the preponderance of NajO over K^O, as shown in the chemical 
analyses of the Ctater Lake dacites. On the other hand, the index of refraction 
of anorthoclase as given by Professor Rosenbusch^ is only 1.527, which is but 
0.002 higher than that of orthoclase. Unless, therefore, anorthoclase should pi-ove 
to possess a higher index of refraction than that here given it would seem that 
this feldspar must be placed in the albite-oligoclase series in spite of the fact that 
no twinning is to be seen. 

It is more than likely that quartz forms a large part of the crystalline 
groundmass, but owing to the small size of the particles this could not be 
demonstrated. 

The tridymite of this rock does not possess the customary shingled aspect. 
It does probably occur in more or less overlapping scales, but the edges are 
irregular and the overlapping not very conspicuous. The occurrence, however, 
is exactly like that of the tridymite in the lithoidal rhyolite from Obsidian Cliff 
in the Yellowstone National Park, as examined by the writer in sections from that 

a Mikroekopische Physiographle, 3d edition, Vol. 1, 1892, p. 157. 
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rock in the posweasion of the mineralogical laboratory of Harvard Cnivensity. 
In describing the occurrence of tridymite in the rhyolite from Obsidian Cliff, 
Iddings says:* "'The spaces ♦ ♦ ♦ are in most instances occupied b}' tridymite 
in comparatively large crjstals, often twinned and cariying numerouj* gas cavities/' 
The tridvmite in this Sun Creek dacite mav be recoirnized bv the following 
properties. It occurs in minute crystals or grains that measure 0.05 to 0.15 milli- 
meter, usually filling the cavities. Twinning is verA' common. Sometimes the 
twins resemble those of orthoclase in the form of Carlsbad twins, the twinned 
halves having widely differing extinction angles; in other cases there appear to 
be twinning planes in more than one direction. Undulous extinction is very 
common, but where the twinning is well marked this is not much in evidence. 
Exactlv similar undulous extinction was also noted in the sections from Obsidian 
Cliff above referred to. Interference colors are ver}' low, sometimes being almost 
invisible. The refraction is much lower than that of the adjacent balsam. This great 
difference in refractive powers is strongly brought out by the extreme roughness 
of the tridymite, as well as by the sharpness of the edges as compared with the 
great smoothness of the surface of the feldspar grains fringing the cavities. 
Except for the presence of gas cavities, the tridymite is free from inclosures. 

Among the phenocrysts of this rock are fairly abundant plagioclase, rather 
sparingly developed hypersthene, and only an oiTasional minute augite crystal. 
Hornblende was not to be seen. 

Specimen No. 122, collected lower down on the west side of Sun Creek Canyon, 
not far from No. 121, is a slightly porous light-gray rock of lithoidal character, 
mixed to a certain extent locally with dark grayish-green glassy portions. Both 
the lithoidal and glassj" portions are crowded with small spherulites, 1 to 3 millimeters 
in diameter. Most of these spherulites are solid externall}*, and of a dark-gray color 
within on the freshly fractured face. Some are hollow and show a slight tendency 
toward the formation of concentric shells or lithophysae. 

Under the microscope the greater part of the rock is seen to be composed of 
spherulites of distinctly recognizable fibers and shreds that radiate in branching, 
feather}' forms from common centers. These apparently feldspathic fibere have 
both positive and negative, but more commonly positive, extension, and extinguish 
both parallel and oblique. Whether they are actuall}' intergrown with quartz can 
not positively be asserted. The outer portion of the spherulite usually contains 
deep brownish-red scales, presumable of hematite, that polarize light stronglv. 
They radiate from the center and branch at low angles. To these brownish-red scales 
is due the reddijsh color of the outer portion of the spherulites as seen in the hand 
specimen. The two thin sections prepared from this rock were both cut from the 

/'Spherulitlc cryiUllliation: Bull. Philo8.8oc. WaahinfilOD. VoL XI, 1801, pp. 445-464. 
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lithoidal part of the hand specimen, so that they do not show any glass under the 
microscope. The groundmass outside of the spherulites seems to be holocrystalline, 
but extremely fine grained. The individual grains are too fine to be determined, but 
they appear to have no particular elongation. Through this minutely granulated 
groundmass, as well as through the spherulites, run streams of slender, rod-like 
augite microlites and of minute but not very abundant black ore particles, to which 
should be added an occasional lath-shaped plagioclase microlite. Phenocrysts occur 
the same as in No. 121. 

No. 124 is an aggregate of very light-gray, porous, and distinctly crystalline, as 
well as of very dark-gray, dense parts. In the thin section the granular parts have 
mostly disappeared in the grinding, but from what is left they seem to be composed 
of an aggregate of colorless, allotriomorphic grains, probably of feldspar and quartz, 
with occasional trid3-mite scales. The dense, darker-colored parts probably contain 
a glass base completely obscured by the devitrification products, which consist of 
augite naicrolites granulated with adhering and inclosed opaque ore particles and of 
extremely minute, colorless allotriomorphic shreds and grains. As in No. 122, this 
rock also contains a very few lath-shaped plagioclase microlites. 

The phenocrysts consist of the customary plagioclase, with also a little hypers- 
thene and two or three fragments of brown hornblende with black resorption rims. 

No. 125, from near the head of the West Fork of Sand Creek, is somewhat 
similar to the last-described specimen, but the groundmass is much coarser grained. 
The shredded appearance of the colorless ingredients is very marked, but their exact 
mineralogical nature can not be made out. These shreds do not reach dimensions 
greater than 0.05 millimeter, and are too small to clearl}^ disclose twinning striation, 
although the larger ones leave the impression that poly synthetic* twinning is present. 
In white light the granulated augite microlites show up very clearly and abundantly, 
even with moderate magnifying powers. Plagioclase and hypersthene are the only 
phenocrysts noted. This rock bears a close resemblance to No. 113 from the Cleet- 
wood Cove mass. 

No. 126, which was collected close to No. 125, has a very dense structure and 
dark-gray color. It looks decidedly like an andesite. In thin section it does not 
appear altogether even grained, but discloses coarser-grained patches. It is, how- 
ever, as a rule, very fine grained, or, at least, appears so in white light, in which it 
appears to be composed of a uniform white substance very thickly sprinkled with 
opaque black dust particles. When strongly magnified these dust particles appear 
as black ore grains, and also as transparent or translucent globulitic matter. The 
granulated augite microlites so common in other specimens from this lava mass are 
almost absent. In polarized light the continuous white substance appears to be 
made of very irregular, interweaving allotriomorphic patches that remind one forci- 
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bly of the allotriomorphic feldspar patches of many of the holocrystalline andesites 
of this region. They are to be distinguished from such by the absence of inclosed 
plagioclase laths. Plagioclase and hypersthene occur among the phenocrysts, as 
usual. One augite crystal was noticed; also a grain of magnetite surrounded ^th a 
rim of leucoxene. 

No. 127, from near Sand Creek, furnishes a beautiful illustration of fluidal 
structure, both in the hand specimen and in the thin section. In the former it- 
appears in very thin alternating parallel bands of light reddish-gray and of dark- 
gray and very compact materials. Phenocrysts are small, but quite abundant, and 
are made more conspicuous by the evident flowing of these thin bands around tbem. 

In thin section the fluidal structure is beautifully brought out, both by the 
alternation of coarser, white bands with finer-grained and brownish-colored bands 
and by the presence, especially in the finer-grained portions, of streaks of black 
dust. When examined with strong powers this apparent ore dust is seen to be 
composed in part of inclusions of air; in part also of really opaque particles that 
are usually to be seen inclosed in augite microlites. The white bands appear to 
be entirely crystalline. They contain comparatively little microlitic material, either 
in the shape of augite or ore particles. In polarized light the colorless material 
breaks up into very distinct, longish shreds quite similar to those described above 
in other specimens from this dacite mass. They are, perhaps, somewhat more 
distinct here than elsewhere. Occasionally some of the larger and better-defined 
shreds (0.1 millimeter or more in length) show distinct twinning bands, but this 
is exceptional. More frequently the extinction is more or less undulous and 
sometimes markedly so. In general it is nearly parallel to the extension and is 
always negative. 

These shred-like strips show a strong tendency toward grouping themselves 
around common centers. Three, four, or five or more of these may be seen 
diverging from a common point, each of them narrowing down wedge-like at the 
center. As in the case of the more isolated shreds these are also negative. They 
thus produce what Rosenbusch calls "pseudospherulites" with negative crosses. 
In the midst of these " pseudospherulites " may also be seen the ordinary "true 
spherulites" of Rosenbusch, also with negative crosses. These latter do not appear 
to be composed of any recognizable minei*al species. They show the customary 
black cross with arms parallel to the principal planes of the nicol prisms and remain 
stationary upon revolving the stage. They do not succeed in developing 
externally spherical forms, as their growth appears to be interfered with by contact 
with the coarser-grained portions of the groundmass. Every possible gradation 
appears to present itself between these so-called '^ true spherulites" and the radial 
groups of crystal particles that appear to be undoubtedly feldspathic. 
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The finer-gmin^ bands with brownish color are composed, apparently, of glass 
with inclosed dust particles. But upon closer inspection the apparent glass seems to 
be composed of ill-defined particles that, owing to their parallel arittngement, very 
faintly polarize light, so that the whole band extinguishes parallel, with negative 
extensions. This is undoubtedly the substance so frequently referred to in 
describing such rocks as microfelsite. On each side of these uniformly polarizing 
bands of microfelsite occurs a very narrow, continuous spherulitic streak, the 
individual spherulitic parts of which are quite similar to the above-mentioned 
*Hrue spherulites. 

The phenocrysts in this rock are similar to those in the rest of these dacites, 
namely, plagioclase and hypersthene. Hornblende could not be seen. 

DACITE TUFF. 

The deposit of fine volcanic materials that is to be seen filling the bottom of the 
Sand Creek Canyon is represented by No. 128. This is a loose, friable, dark-gray 
tuff. Examined with a pocket magnifying glass it appears to be composed mainly 
of dust-covered white grains with an admixture of some black crystals. The white 
grains turn out to be plagioclase and the black ones hypersthene and hornblende, all 
of them exactly similar to the phenocrysts of the above-described dacites. In 
addition to these crystals and grains there occur small (3 to 5 millimeters) angular 
fragments of compact dacite, or perhaps also of andesite. 

The plagioclase does not have the form so well preserved as do the other 
mmerals. The hypersthene crystals show the customary unit prism and two 
pinacoids, while the hornblende has only the prism clearly shown. The hornblende 
has the optical properties similar to those given for the phenocrysts in the dacites. 
That this tuff is undoubtedly dacitic is demonstrated by the presence of these 
abundant hornblende crystals which are almost entirely confined to the dacites of 
Crater Lake. 

An entirely analogous dacite tuff is to be seen in the bottom of the Anna Creek 
Canyon (No. 129). This tuff also contains hornblende in great abundance, 

DACITE DIKES. 

Among the dikes that cut the andesitic rocks of the crater wall are two under- 
neath lilao Rock that rise from the water's edge and consist of dacite. The more 
westerly of these two dikes, immediately under the summit of Llao Rock, is repre- 
sented by two specimens, Nos. 130 and 131. The first of these is a very light gray, 
porous, lithoidal dacite and comes from the central part of the dike. The second is 
a grayish-black glass and was collected at the margin of the dike. The two together 
may be taken as the equivalents of Nos. 103 and 102,. respectively, which represent 
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the lithoidal and the vitrophyric dacites of the Llao Rock mass. Under the micro- 
scope the resemblance is still more striking. Nos. 130 and 131 both contain the same 
phenocrysts already described in the equivalent rocks above mentioned. There are 
comparatively abundant plagioclase with large extinction angles and zonal structure, 
scanty hypersthene and augite, and occasional greenish-brown hornblende, together 
with accessory magnetite and apatite. The lithoidal rock from the main part of the 
dike does not differ sufficiently from the lithoidal dacite of the summit to justify a 
special description. The glassy margin, however, presents minor features that 
distinguish it from No. 102. Fluidal structure is very perfectly developed and is 
accentuated both by the straight augite microlites and by streams of roundish, nearly 
colorless globulites. The color of the glass streams alternates between whitish and 
brownish. Here and there a little clear brown glass, free from microlites and 
globulites, is to be seen in close proximity to a phenocryst. The thin section of this 
specimen also contains several small fragments of a fine-grained holocrystalline, 
porphyritic basalt, in the groundmass of which are to be seen slender prisms of 
augite and hypersthene, also grains of magnetite and plagioclase laths. 

This dike is undoubtedlj^ one of the feeders of the Llao Rock dacite. 

The more easterly of the two dacite dikes is represented by only one specimen, 
No. 132. It is a light-gray, coaree, rough-fracturing rock. Under the microscope 
it presents features somewhat suggestive of the Grouse Hill dacite, but the similarity 
is not marked enough to justify the conclusion that this dike is a feeder for this 
dacite mass. The rock is not altogether fresh. It contains, in addition to the usual 
phenocrysts, a very little reddish-brown hornblende in small crystals and fragments 
with black borders. The groundmass contains the usual short rectangular feldspar 
and a good deal of feldspathic matter that has no well-defined shape. Brownish 
and reddish ferritic matter, together with some black magnetite, renders the thin 
section clouded and dirty looking. Abundant groups of tridymite are to be seen 
filling what appear to be cavities. 

This dike contains an inclusion, No. 133, the nature of which is not clear. It 
has a slightly greenish-gray color, is distinctly but finely granular, and is decidedly 
porous. In thin section it is seen to be composed essentially of plagioclase laths 
and of hypersthene and augite in mostly long, slender prisms. Grains of black 
magnetite, as well as reddish and brownish ferritic staining matter, are abundant 
Porphyritic crystals are entirel}^ absent. The shape and arrangement of the main 
ingredients, but more especially of the plagioclase laths, are closely analogous to 
those of interstitial basalts, although it does not agree with any of the basalts from 
Crater Lake. But there are other respects in which this inclusion distinguishes 
itself from the basalts of this region. It contains considerable reddish-brown 
hornblende, and in some of the interstices between the plagioclase laths are colorless 
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aggregates that appear to be tridymite, similar to that in the dike rock. It is 
probable that there is, or was, considerable glass in the form of a mesostasis. But 
if so it is largely devitrified and colored a dullish green. The thin section is too 
thick to allow a satisfactory examination, "but the writer is inclined to place this 
specimen among the secretions of dacite. It calls to mind a not very dissimilar 
specimen described among the dacite secretions, No. 123, from Sun Creek. (See 
page 139.) 

DACITIC EJECTAMENTA. 

The large amount of volcanic ejectamenta that covers the surface of the crater rim 
in various places, especially on the northern and westein sides, and that forms exten- 
sive deposits over the so-called Pumice Desert, appears to be almost entirely dacitic 
in character. 

Some dark-colored sand, No. 134, collected on the Pumice Desert is composed of 
the light- and dark-colored minerals occurring as phenocrysts in the dacites, as well 
as of brown glass. These are plagioclase, hypersthene, hornblende, augite, and mag- 
netite. The size of these crystals varies from about 2 millimeters downward. Pla- 
gioclase forms the most abundant of the sand particles, with forms that are usually 
roundish but that also may be well crystallized. Hypersthene, on the other hand, is 
very common in the characteristic prismatic forms with the unit prism and two pina- 
coids. When finely pulverized and examined under the microscope it is seen that 
both hypersthene and dark greenish-brown hornblende are very abundant and present 
in about equal amounts. Augite and magnetite are rather scarce. The latter can 
readily be separated from the sand by a magnet. This sand exactly resembles the 
coarser parts of the tuff found in the bottom of Sand Creek Canyon several miles 
below the crater rim (128) and in Anna Creek Canyon (129). The accumulation of 
the pyroxenes and of hornblende to a much greater extent than in the dacites is very 
noticeable in both the tuff and sand deposits. 

A sediment brought up from the bottom of the lake on the west side. No. 1357 
appears to be composed of somewhat similar material as the above, but as it is very 
fine — the largest grains being not much over 0.1 millimeter — and entirely composed 
of angular fragments, the percentage of the dark-colored phenocrysts, or rather of 
fragments of phenocrysts, is comparatively small. This is particularly true of horn- 
blende, which is very scarce. On the other hand, glass fragments are very abundant. 
The nature of this sediment is not so well characterized as to make certain whether or 
not andesitic material is largely mixed with the dacitic ash. 

The cx)ar8er ejectamenta which have been collected and submitted to the writer 
for investigation may be divided into three classes, viz, pumice, dark-colored secre- 
tions, light-colored granophyric secretions. 
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PUBflCE. 

No. 102, from the summit of Llso Rock, is an almost pure pumice of a pinkish- 
white color and extremely light and porous. With a magnifying glass one can detect 
a very few glassy plagioclase crystals, and also still fewer dark-colored pyroxene or 
hornblende phenocrysts, similar to the phenocrysts in the Llao Rock dacite. Under 
the microscope this rock presents the customary porous, pumiceous structure, with 
long drawn out gas pores; but the glass differs from the vi trophy ric portions of the 
Llao Rock flow« in that the very characteristic rod-like augite microlites are almost 
entirely missing. A few phenocrysts of plagioclase in crystals and crystal fragments 
are to be seen, also an occasional hypersthene and two or three minute brown horn- 
blende crystals. One of the plagioclase crystals was seen to contain numerous 
inclosures of apatite and also several dark-brown glass inclusions, in one of which 
was an air bubble. No. 137 is a fragment of pumice collected from the same place, 
and differs only in being more discolored. It contains similar phenocrysts, and also 
brownish glass inclosures with gas bubbles in the plagioclase. This pumice evidently 
is of the same character as the dacite of Llao Rock. 

No. 138 is a specimen collected from a large fragment in the Pumice Desert, 
the north of Crater Lake. It has a brownish-yellow color and looks as though it 
contained more or less clayey matter. It also has a f ragmental appearance as though 
it were a brecciated rock composed mainly of pumice. It also contains a few small 
fragments that appear to be andesite. Plagioclase grains are very abundant in the 
hand specimen, but the thin section contains hardly any, as they have probably dis- 
appeared in the grinding. A very few minute hypersthene and augite crystals and 
one small fragment of reddish-brown hornblende were noted. 

In addition to this ordinary pumice are also fragments of a distinctly pumiceous 
rock of light color in which are readily seen numerous black crystals; mostly horn- 
blende. These hornblende crystals vary in size from one-fourth of an inch down- 
ward. Probably one-eighth of an inch in length is a fair average size. One of 
these fragments was collected on the northeast rim of Crater Lake, east of Round 
Top, and another (146) from the summit of Red Cone, while two others were col- 
lected by the writer on the crater rim just south of Llao Rock (2011, a and 2013, 2 
of the private collection of H. B. Patton). The ferromagnesian minerals which are 
very conspicuous in the hand specimen are still more apparent in the thin section, 
as, indeed, are also the colorless plagioclase phenocrysts. The groundmass of these 
specimens does not appear to differ materially from that of the more typical pumice. 
It is a nearly pure glass, full of elongated air cavities and more or less stained with 
yellowish to brownish ferritic matter. Only a few augite microlites and but little 
magnetite dust is to be seen. On the other hand all the minerals that have been 
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mentioned as occurring among the phenocryste in the Crater Lake dacites and that 
are there sparingly developed arc unusually numerous in these specimens. The 
minerals here included are plagioclase, hornblende, hypersthene, and augite All 
but the hornblende appear to occur in about the same sizes as in the dacites. In the 
case of plagioclase there is developed a very strong tendency to inclose comparatively 
large and irregularly lobed and more or less connected inclusions of very deep brown 
glass. These inclusions are not arranged around the margin in a well-defined zone, 
as is so frequently the case with the plagioclase phenocrysts of the andesites, but 
they are more evenly distributed throughout the crystal and produce a structure that 
may fairly be characterized as spongifomi. These spongiform plagioclases are by no 
means as common or characteristic as they are in the dark-colored secretions whose 
descriptions follow; neither do all or even most of the plagioclase phenocrysts have 
these inclusions, but their appearance here is important as forming a link between 
the dacites and the inclusions in the same. Fracturing of the feldspars is very 
noticeable. 

Hypersthene and augite occur in the same forms and with the same general 
properties as in the dacites. Perhaps a stronger tendency is to be noted toward 
rounding of the edges, particularlj^ at the ends. Likewise inclusions of glass and 
especially of brown glass are more abundant. The most interesting mineral is horn- 
blende, whose abundance is increased relativelv much more than is the case with the 
other phenocrysts. It also occurs in very much larger crystals than are to be seen 
in the dacites. Except for abundance and size, however, these hornblende crystals 
do not present any marked peculiarities. They show a strong tendency to develop 
the unit prism and the clinopinacoid, but they are usually broken into fragments like 
the plagioclase. In color the}^ are similar to the hornblendes of the dacites. Green- 
ish brown predominates, but the more reddish colors are also to be seen, nptably in 
No. 139. Magnetite occurs rather sparingly in these rocks in the form of distinct 
grains inclosed in the phenocrysts as well as scattered through the glass groundmass. 

DARK-COLORED SECRETIONS. 

These are found as ejected fragments together with pumice. They occur as 
extremely dark, almost black, very porous and rough feeling bombs, and contain a 
great abundance of black pyroxenes and black hornblende as well as of the glassy 
plagioclase. They have a wide distribution, as may be seen from the following list: 
No. 141 comes from the Pumice Desert to the north of Crater Lake; No. 142 from 
near the summit of Dutton Cliff to the south of the lake; No. 143 from the summit of 
Llao Rock; No. 145 is a fragment from a conglomerate that overlies a small sheet of 
dacite just above Grotto Cove; and 2011, b (private collection of the writer) forms 
part of a large bomb attached to the pumice specimen, 2011, a, above described. This 
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lant was fx>llected just 8<)uth of Llao Rock. In spite of the dark color of the rock the 
ferromagDegian mineralA are quite conspicuous. This is particularly true of No. 
2011. b, where hornblende is more abundant than in the other specimens and is recog- 
nized by means of the brilliantly flashing cleavages. This mineral occurs here in 
crj'stals that measure up to lo millimeters in length and 2 to 3 millimeters in width. 

Under the microscope in thin section these rocks are seen to contain a very dark- 
brown, glass}' groundmass that incloses but few augite microlites but is crowded with 
air cavities. In color and general ap[>earance the groundmass closely resembles the 
glass inclusions to be seen on the plagioclase crystals of the hornblendic pumice 
above mentioned. It forms from one-third to one-half of the rock mass, the rest 
being composed of phenocrysts and fragments of phenocrysts. 

The plagioclase crystals belong to the t\T)e described under the dacites as 
occurring in rather large, plump crystals, with numeroas crystal faces. Rectang- 
ular sections are rare, so rare, in fact, that they are probably only chance sec- 
tions of crystals of the type just mentioned. The plagioclase crystals show a strong 
tendency to assume idiomorphic forms except in so far as the}' occur in shattered 
fragments, but they are generally crowded with irregular brown glass inclusions 
so as to assume a thoroughly sponge-like appearance, similar to but much more 
pronounced than the spongiform crystals in some of the pumice fragments. These 
ramifying glass inclusions are not confined to the interior of the cr^'stal. but 
come to the surface and often appear as embaymentw filled with brown glass 
exa<*tly like and continuing the glass of the groundmass. Figs. ^4, J?, and C of 
PI. XVII are reproductions of some of these spongiform plagioclase crystals and 
give a fair idea of their apj>earance. The plagioclase is probably all basic, and, 
in some cases, demonstrably' so. For instance, in No. 143 a honeycombed plagioclase 
crystal, with zonal structure, and cut symmetrically to the plane of twinning gave 
an extinction angle of 47' in the center and 37^ at the margin. This indicates 
an extremely basic anorthite, more basic, in fact, than the most basic of the 
plagioclases whose extinction angles were measured in either the andesites or 
basalts of Crater I^ake. Not all of the plagioclase cr^-stals show polysynthetic 
twinning, but most of them show either this twinning or a zonal structure, and 
no reason was apparent for considering any of them to be orthoclase. They 
contain inclusions of ores, apatite, and hypersthene. 

The hornblende in these dark -colored secretions is partially idiomorphic and 
partially allotriomorphic, with the latter tendency decidedly the stronger; that is, 
crj'stal forms may be developed on part of a crystal while the rest has a very 
irregular outline. The observed forms are the customary unit prism and clinopina- 
coid and flat terminal faces. The color is mostly like that of the greenish-brown 
hornblende of the dacites, and the absorption is b > C> a. The customary colors in 
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PLATE XVII. 

THIN SECTIONS OF MINERALS IN SECRETIONS IN DACTTE. 

F108. Aj B, and C. — Magnified respectively 40, 25, and 15 diameters. All from Specimen No. 146. 
From a dark-colored secretion among the dacitic ejectamenta. Show spongiform plagioclase crystals 
inclosing deep-brown glass similar to that composing the groundmaae, from a dark-colored secretion 
among the dacitic ejectamenta. See page 126. 

Fio. D. — Magnified 18 diameters. Specimen No. 144. From a dark-colored secretion among the 
dacitic ejectamenta. Shows a grain of hypersthene inclosing numerous plagioclase grains, and two 
irregular grains of olivine marked 0. See page 129. 

Fio. E. — Magnified 50 diameters. Specimen No. 148. A light-colored, granophyric secretion 
among the dacitic ejectamenta. Shows crystals of plagioclase with fringes of spongiform sanidine 
containing inclusions of brown glass and resembling granophyric intergrowths. Illustrates a section 
as seen in polarized light with crossed nicols, the glass appearing black. See page 136. 

Fig. F. — Magnified 10 diameters. Specimen No. 142. From a dark-colored secretion among the 
dacitic ejectamenta. Shows a large crystal of brownish-green hornblende inclosing crystals of hyper- 
sthene = H, plagioclase = P, and magnetite. See pa^ 129. 
128 
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thin .section for I'ay.s vibmting parallel to the vertical axis is a deep brownish green 
to greenish brown, in accordance with the thickness of the section. The absorption 
and pleochroisni parallel to h arc* almost exactly like that i)arallel to jC, with the 
absoi*ption usually a little stronger parallel to b than to c. In No. 145 this mineral 
appears to be unusually scarce and the color in rays vibrating parallel to c a deej) 
brownish i»ed. Those parallel to b can not ))e determined in this section. In No. 
141 there is a peculiar mingling of the reddish with the greenish-brown colors. 
Most of the crystals l)elong to the greenish-))rown variety, but othei's have !)oth 
colors shading into each other on the same crystal. This shading of colors occurs 
on perfectly fresh crystals. In fact, all the hornblende crystals in these specimens 
are absolutely fresh, and do not show any tendency to resorption or to the develoj)- 
ment of black borders. The extinction angle of the hornblende, as measured on 
cleavage fragments from No. 148, is 8 to the vertical axis. The optical axial plane 
lies in the plane of greatest and least a!)sorption; that is, in the plane of the clino- 
pinacoid. A section of this minenil in No. 143 that gave a prism angle of 104^, iis 
measured by the trace of the prism faces with the plane of the section, gave a 
bisectrix in the center of the tield. 

The hornblende of these secretions does not contain inclusions of ghiss, but 
it is verv apt to contain inclusions of the other phenocrysts so as sometimes to !)e 
tilled w ith them, somewhat after the manner of inclusions in the hornblende of the 
crystalline schists. Fig. /' of PI. XVII gives one of these hornblende crystals 
containing inclusions of hy])ersthene, plagiodase. and magnetite. In other cases 
augite may be seen inclosed in hornblende. These minerals when thus inclosed 
may have idiomorphic forms, but they are more apt to be hypidiomorphic. At 
least their forms are not always so shai*p as when they occur embedded in the 
glass base. 

Hornblende occurs in nuich larger crystals than do the other minerals. Jt is 
very fluctuating in quantity, being very sparingly developed in No. 145, or at least 
in the thin section prepared from this specimen, and extremely abundant in No. 
2Ullb. Fig. B of PI. XVIII reproduces a portion of thin section of No. 2011b, 
showing the relative a!)undance of the hornblende. This is not a fair avenige of the 
whole section, but shows the hornblende . somewhat more abundantlv than in the 
rest of the section. The crystal form is unusually sharp in this rock. 

Hyi>ersthene is by no means so abundant as hornblende, nor does it occur in so 
large crystals. It is more inclined to idiomorphic forms, but it also shows a tend- 
ency to contain inclosures of other minerals. Fig. /> of PI. XVII gives a section of 
hypersthene from No. 144 containing inclosures of plagiodase and two irregular 
mclusions of olivine. This is exceptional. As a rule, hypersthene is older than pla- 
giodase, and even in this case the irregular form of the plagiodase crystals indicates 

9255— No. 3—02 ^9 
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tlmt th(Mr period of formation did not jifroatly prcM'ode that of the hypersthene. The 
optical proi)erti(»s of the hyiK*rsth(»ne are in no resjXH't different from what may be 
seen in the hy^x^rsthencvs of the (Lu'ites. 

Olivine is to ))e found V(»rv sjxirinorly develojn^d and always inclosed in either 
hypersthene or hornblende. 

Autrite is niueh less conmion than hypcu-sthene. It has a ])ale-greenish i*olor and 
hut little pleochroism. It is youn^jer than ])laj(i(M*hise and hyjKirsthenc and older 
than hornl)lende. It occurs hoth in roundish ^niins and in fairly developed crystal.s 
similar to those in the dacites. 

The order of crystallization of the phenocrysts of these secretions is in general 
SIS follows: 1. or(»s and apatite; 2, olivine: .'5, hypersthene; 4. jilagioclase; 5, augite; 
♦), hornl)lend(». At times the j)lat(ioclase appears to chanj^fe places with hypersthene. 

That these dark-colored homhs an* in reality secretions from the dacitic magma 
mav fairlv well he established !)v the similaritv of the mineml content* with the 
phen<K*rvsts of the dacites. This is mo](» especially true* of hornblende, which, with 
possibly one minor excepticm, is a!)solutely foreign to the andesites as well as to the 
})asalts of C'rater Lake, but which occurs with the same colors and other properties, 
although very sparingly, in nearly all the thin sections of dacites studied. That 
these fragments were eru])ted at the same time as the dacites is indicated by their 
occurring with the* pumice of the dacites, and more immediat(dy by the finding of a 
])omb in the midst of the j)umiceous dejK)sit south of Llao Rock consisting in pail of 
pumice and in ])art of this black, glassy, hornblendic rock. 

The* chemical analysis of No. 148 will be found on page 140. In spite of the 
evid(*nt relationship of these dark-color(»d secretions to the dacites the analysis shows 
a mark(»d difference. This is j)articularly noticeable in thi^ large amount of lime and 
in the corn^sponding decrease in the* alkalies. The analysis, in fact, bears a close 
resemblance to the analvses of the more acid basalts Nos. 15S and 189. 

LIGHT-COLORED ORAXOPlIYKli; SECRETIONS. 

These are not to ho considered secretions in the sense that this term is f requentlv^ 
used in describinjif the accumulations of older minerals that form dark-colored inclu- 
sions in igneous rocks, which is the sense in which the word is used in describing" 
above t\w dark-color(»d secretions. But, nithcr, these light-colored secretions appear 
to represent local crystaUizations or differentiations of the* same minenils that are to 
be seen in the dacites in general, but so aggregated together as to appear in totally 
different structural relationships. They have not been found in place or inclosed in 
dacite, !)ut onlv as loose framniMits or bombs on the surface. 

No. 14<) is a small fragment about an inch sijuare that formed ])artof a conglom- 
erate overlying the small da<'ite llow innnediately above (Jrotto Cove. Two other 
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lU.ATE XV III. 

THIN MECmOXS OF SECRETIONS IN DACITE. 

Fid. A. — Vitrophyric' (tacite and secretion in the .same, from Llao Ii<M',k. Maf;nifie<l 48 diameters. 
.Si)eciuien No. 102. A photomicrojrraph in white Hjfht. On the left Ih the datute, consiHting oi a 
glaaH with a nmltitude of aujrite niicrolites. On the right ia the secretion, comp<jse<i of a felt of plagio- 
clane laths and slender prisms of reddish-brown hornblende, which api)ear8 nearly black in the figure. 
The interstices of this felt are filled with light-brown glass. The lack of a sharply define<l line of 
junction l>etween the r<wk and the secretion is characteristic. See pages 105 and 110. 

Fig. li. A photomicrograj)!! in white light. Magnified 20 diameters. Si)ecimen No. 2011 b. 
Illustrates the abundance of reddish-brown hornblende in one of the dark-colored secretions. See 
page 129. 

Fig. (.\ — A light-colored granophyric secretion from the <lacitic ejectamenta. Magnified 20 diam- 
eters. Specimen No. 151. Shows a dark-iM3lore<l brown glass and sijongifonn mantles of sanidine 
around plagioclase. Sc»e page 18(). 

Fig. />. — A i)hotomicrograph in |x)larize<l light with crossed nicols. Magnifierl Hrt diameters. 
Shows an enlarge4l )H)rti4)n of fig. <\ giving an individual piagioclase grain with mantle of s(K)ngifonu 
sanidine. The black portions are glass. 

* 182 
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fragments from this same c*onj(Iomei"ate have already l>een desi*ril>ed. These are No. 
139, a pumice fragment containing much hornblende, and No. 14r». one of the dark- 
colored secretions. This association would suggest the same soun-e as that of the 
dark-colored seci'etions. In the hand specimen this appears to U* a fairly coarse- 
grained, holocrystalline rock of ver}' light color and composed of a whitish, glassy 
appearing, granular aggregate dotted with small, dark-colored grains. It is quite 
brittle and crumbles in the lingers. In thin section the rock is seen to consist mainly 
of plagio<*htse. which constitutes perhaps one-half of the whole or a little less, in 
addition to which there are hypersthene. augite. hornblende, and a very little biotite. 
All these ferromagnesian minerals together form but a small jmrt of the whole. 
They are perhaps a little more abundant than is usual in the dacites of Crater Lake, 
but not markedly so. The rest of the ro<*k forms a sort of groundmass either sur- 
rounding these older minerals or filling the spaces l)etween them wherever the phe- 
nocrysts are close enough to touch each other. This groundmass (*onsists in part of 
a deep brown and perfectly clear gla>s. but mainly of a l)eautifully sharp and char- 
acteristic granophyric or micropegmatitic intergrowth of quartz and sanidine. The 
presence of quartz could be demonstrated by obsen'ations in convergent ]>olarized 
light, in which it gives the positive uniaxial cross, as well as by the more readily 
observed properties characteristic of the mineral. In the case of sanidine the 
demonstration is not complete, but is based upon the following observations: It is 
l)erfe<*tly clear and colorless and contains no inclusions except minute air cjivities: 
both the i-efractive power and the double refraction are less than in the adja<*ent 
quaitz: its index of refraction is less than that of the surrounding Ijalsam: in con- 
vergent polarized light it gives a biaxial image; it is entirely free from twinning 
striation or from zonal structure: this sanidine usuallv forms a mantle around the 
plagioclase crystals, so that either the outer part of the sanidine mantle is intergrown 
with quartz in granophyric fashion or, more usually, this granophyric intergrowth 
begins close to the plagioclase edge, with little or no free mantle growth visible: the 
contrast between the plagioclase and the sanidine mantle is usually rather shaip: the 
plagiocla.se very frequently shows no twinning stria*, but the concentric zonal 
structurc is alwavs visible, whereas the sanidine mantle is entirelv free from all 
twinning and extinguishes simultaneously. Becke's method for detennining the 
index of refraction, as compared with that of Canada balsam, by focnising sharply 
on the edge of a crystal in contact with balsam and then observing the movement of 
the white band upon raising or lowering the foi*us. was found very applicable in 
studying this sanidine mantle. Where a crystal of plagioclase was broken and in 
contact with balsam it was invariably found that the portion of the crystal that 
showed twinning or zonal structure had a higher index of refraction than balsam. 
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whil*? ib^ out^r. uniwinn*^. and unfjsiridf-d jKjrtion wn* low*-r in re fra^-tivf' piower 
than rjal^m. Th*- ^uk- lueth^^d i* *-*jiially applir-aM^ in ihi* •-at-^ in di^ringiii>h]ng 
^letwf^-ri -an id in'- and <jiiartz. 

Wh«'n-v«-r th«- <jiiartz or lh«- ^tuidin^' <-«r^iii*-r in ^-MOtact with lb** itrown ^rUsw^ las^e 
it Ur*<ik- up at tb«- '^dj^^- into an irregularly loU^iJ fringe, with tlit- r«>UDdi>h lolies 
int^rwov<-fi or int^-rgrown with the j^ass in a way MijrgH^tiv** of the gniD<»phyrii* 
int^-rjfniHih* tb«'iii'«^h*'*. Tbi* interw^^ring of gla>s with lh«- fringf-*! »-dg<^ of the 
''rv^tal- i?* wi iijur-h mor** h«^utifully developed! in otht-r ?»pei-ini*'n> who^* d»*?<Tiption 
follow* that a di-tail*--! de«^'ription of thi«* pht'nonienon will lie pr><*tpimM for the 
l>n-»*-nt. Th*- 'quartz i* n^^t pn-"^nt 4-x<^-pt in tbf->«' granophyric ajrgivgat*^. It 
inclo^'* air «tivitie^ similar to thf sanidin*'. 

TliO plagi<M'la.'«e in thi> r'x:k thtc^ n«»t liavf a.^ >haq>ly dev*di>p*-d fomis a.> in the 
^lac'it***. Thi- i?? tru** even wb^-n tb** -urrounding ^nidine mantle i> dkregarded. 
S«'tiofi* ^uitahl^- for detennining th«^ extinction angle^* were not found, hut >uch 
extinction angle* a> were noted indicate a ^la>ic plagicx'la>e. Tbi?» i> further 
corn>U>rated by thf fact that the plagiocla^e even at the edge has an index of 
refraction gn-ater than Canada lial!<ini. i.e.. greater than 1.54<>. A few inclosures 
of brrjwn gla-^s with ga^^ huhhle> and tdrro >msLll apatite pri>m< were notcJ. 

The ferromagnesian minerals all have poorly developed fomi>. Hypersthene 
and augite occur nu^^tly in -mall prismatic grains, --ome singly, hut more cimimonly 
in mon- or le^* [jarallel arranged groups, together with magnetite and honihleode 
and with <hirk green i>h- brown biotite. The hornblende has a greenish-brown color 
and fM'<:ur7^ ijuite abundanth' in longish granular or prismatic individuals. Biotite is 
j^nn-e. but it-^ presenc-e is the more noteworthy iL< it appears to lie entirely wanting 
in the dar-iti's propr-r. 

The writer has not seen a full description of rocks similar to this, !>ut Professor 
Rrisenbusch'' make^ brief reference to several quite analogous occ-urrences in Iceland, 
the original des^-riptions of which are not at the time of preparing this paper 
a<'ce*«^ible to the writer. In these Icelandic rocks, whic-h occur as inclosures in lja.salt 
and in loose fragments, are to l)c seen a similar mineral aggregation with plagioclase 
rrystal^ surn>unded with orth(N*lase mantles and granophyrir growths. 

Among the Crater Lake rock** collected in issii there are live specimens, Xos. 
147. 14h, 141#. l.V). and 151. which are lalieled as lieing ejectecl volcanic frag- 
ments from the top of the divide lietween Sand Creek and Anna Creek, near the 
M>uth rim of Crater Lake. These five specimens are closely analogous to No. 146, 
just dcsHcri^ied. and in one or two ca^es pnu'tically identical in all essential points. 
Xo. 141^. for instance, is verv' light colored, distinctly granular, and very friable. 
It differ^ slightly in coloi, in that the feldspars have a distinctly pinkish color. 

o MiknMk<ipbicbe Phyriocrftphk*. 3d Hlidmi. Vi»l. II. ln». p. r«u. 
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On the other hand No. 148 is very much darker and looks as though it were 
composed a>K)ut ecjually of a white j^ranular feldspar and of black t(lass. 

Under the microscope the pnictical identity of all of these specimens with 
No. 14t) is very evident. There are the same marginal growths of sanidine around 
the plagioclase crystals, and the same granophyric intergi'owths of sanidine with 
quartz. The deep- l)rown glass interweaving with the sanidine is also present, hut 
in much greater abundance in two or three of the specimens. The most striking 
difference between the two occurrences is in the fact that ])oth hornl)lende and 
biotite are totally lacking here. Owing to bett<M* prepared thin sections, jis well as 
to th(* opportunity to study sections from a num])er of similar although not <iuite 
identicjil specimens, some of the features not very cleaily observed in No. IW 
can be presented here with gre^iter fullne^ss and certjiintv. 

The plagiocl^se does not, upon the whole, appear to ))e quite so basic as is 
the same minenxl in the dacites. Twinning striations are abundant and disclose 
the presen(H^ not only of the albite law but also of the periclinc* and Carls!)ad laws. 
But sections suitiible for determining the maximum sj^mmetrical extinction angles 
do not seem to be common, which is doubtless due to the fact that the rather 
large average size of the crystals does not allow many of them in any (me thin 
section to be (*ut in the right direction. The largest extinction angle mea^sured on 
a section cut at right angles to the albitic twinning plane was 27 in the centml 
part of the crystal. As all of tin* plagiodase has a well-defined zonal structure 
the margin of the crystal is necessarily nmch more acid. Usually the sections 
that give symmetrical extinctions give very small extinction nngles, even on the 
interior of the crystal. This is so often the case as to indicate that at l(»ast some 
and probably most of the plagiodase is oligoclase. This supposition is further 
borne out bv th(» fact that such crvstals, when broken so as to have Canada balsam 
in contact with the plagiodase, are seen to have an index of refraction almost 
identical with that of the balsam, which would indicate a feldspar about on the 
border of oligoclase and andesine. While the index of refraction thus indi(»ates 
that some of the plagiodase, even in the interior of the crystal, is hardly more 
basic than oligoclase, in all cases where the observation was made the outer 
IK)rtion of the plagiodase has this degree of acidity. It seems more than likely 
thjit there are two kinds of plagiodase crystals present, a fairly basic and not very 
abundant variety and a more commonly developed and presumably younger variety. 
But in any case all the plagiodase crystals have the mantle of sanidine which, 
where a glass base is very abundant, or wherever this glass base comes into 
contact with this mantle, is very remarkably fringed or lobed, so that the roundish 
feldspar lobes appear to be interwoven with the glass in a most intricate way but 
vhich, in the absence of a surrounding glass, forms with quartz a beautifully distinct 
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and rather coarsely developed gmnophyrie aggrejifatt*. While these marginal 
growths around the plagiocljts(» crvstals may be seen around every individual 
plagicK'lase they do not necessarily entirely surround the crystal, nor does the 
fringing mantle have constant width. In this respect the mantle is very irregular 
and even ermtic. As HlK)ve stated, the interweaving of the brown glass with the 
fringed sanidine gives almost exactly the impression of the granophyric growth 
when seen in polarized light, except that a* portion of the intergrowiilg sulwtance 
remains extinguished when the specimen is rotated. Even in white light this 
resemblance to gninophyric growths is often pronoun<*ed whenever the glass has 
an unusually light color, and this is the «ise in those specimens in which the glass 
l)ase is not abundant (14il), or in which the section is unusually thin. Further, 
this resemblance is made still more marked by the fact that at times the glass 
that appears interwoven with the feldspar breaks up into rectangular or otherwise 
polygonal forms with more or less parallel arrangement. Or, to express it in 
another way, the sanidine margin develops into a skeleton growth with the brown 
glass ba.se tilling the interstices. The variations of stmcture that are produced in 
these marginal growths, owing to constantly varying amounts of glass and the 
conseipient appearance and disappearance of real granophyric growths, fairly baffle 
description. It wcmld require a large number of drawings or photographs to give 
a fair conception of these almost fantastic structures. An effort has been made 
to reproduc(» some of the most striking effects in fig. ?J oi PI. XVII (p. 128), figs. C 
and I) of PI. XVIIl (p. 182). and figs. .1 and B of PI. XIX (p. 188). 

The amount of quartz present appeal's to l>e inversely pro|X)rtional to the 
amount of glass base. Where much glass is present it is not inclined to form 
granoph^'ric growths but to occur in rather isolated, roundish, or irregular grains. 
Although it may have very irregular outlines, it does not break up into lobes or 
fringes at contact with the glass, as does the sanidine, at least not to any marked 
extent. In the more thoroughly crystalline specimens and therefore more 
thoroughly granophyric varieties, the quartz seldom occurs in sejmrate grains. 
The sanidine is not absolutel}' confined to the granophyric margins but also 
(X'curs very sparingly, as does the (|uartz, in sei>arate but iri-egularly fonued 
grains. 

Inclosures in the central portions of the plagioclase are not common. Glass 
inclusions appear to be entirely wanting, but not infrequently a crystal may 
contain small augite grains, or individual grains of magnetite or prisms of 
apatite. Minute air canties, however, are very abundant, l)oth in the plagioclase 
and in the surrounding fringes of quartz and sanidine. 

It should, perhaps, 1)e added that no additional reason can be given for the 
presence of sanidine in these specimens than those already given in the description 
of No. 146. 
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THIN SK(^T10NS OF BASALTS ANI> OF SKCUETIONS IN DACITE. 

Fig. a. — J^i>jht-<*<»l(>re<l jrnmophyrii' .»HMTetinn fnmi tlu» dacitic ejet'tainenta. Magnified 48 diame- 
tern. SiMK-imcn No. 14S. A ])h<>t4>iniiT<»^ru]>h in white li^lit. Shows thtM.HTurr(»mxM)f dark-brown 
jrlasH, [ihigitH'laM*, sjM»njnfonu sanidine, purdllel jrnjwin^ pri.»*nif«, and grains of hy|K*rHtb(»ne and augite, 
also a littK' magnHih*. Sihj i>agf l.'U>. 

Fkj. B. — Light-colored gnmophyri*' WMTetion fn>ni the daiMtic ejectanienta. Magnifietl 86 diam- 
eters. SiHM'imen No. 14i). A [>hotonner(»gra])h in white light. Shown a hnndle of parallel arranged 
)>risiiis of hyperstheiie an<l aiigite, whieh can not 1m' diHtingniHhe<1 from each other in the photograph. 
Sei* page l.St). 

Fkj. (\ — Magnifieil 4S diameti^rH. SiKH'inien No. 2it2\) (private eollec^tion of H. B. Patton). A 
phottMiiicnigraph in white light. Shows the interstitial structnre of pome of the l)asalt». See iwge 142. 

Fkj. I>. — Basalt, Tiinl)er ('niter. Magnifi(><l 48 diani(*ters. SiXN-iinen No. 1(W>. A phot4»micn)- 
graph in white light. Illustrat(»s the thiidal-interstitial struetnre (»f some of the l)aj4altti. See page 149. 
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Hypersthene and augite are both very abundant. Neither of them occur in 
the customary idiomorphic crystals but either in perfectly irre<rular gmins or - 
which is generally the '^ase — in various sha{)ed aggregate's, or more especially 
in clusters or bunches of loosely aggregated and parallel-growing roundish and 
rather slender prismatic grains. Both of these minerals assume this same form 
and usually both of them occur together in parallel growths. All conceivable 
variations may be observed between isolated individuals of hypersthene or augite^ of 
the shape just mentioned and parallel aggregates of the same that contain hundreds 
of the small prismatic grains. Some idea of this concurrence may })c derived 
from fig. ^ of PI. XIX. Hypersthene seems to l)e the more abundant of the 
two. In color the hypersthene is not quite so dark as it is in the ordinary' 
dacites of Crater I^ake. Pleochroism, therefon^, can not readilv be seen in such 
sections as are necessary for proi)er study of the aggregates. The augite appears 
almost colorless in thin se<»tion. With th(»se two pyroxenes there is constantly 
ass(X*iated c()nsidem])le magnetite, which occurs mostly in very minute grains 
inclosed in the individual pyroxene grains or clustered with them in these 
bunches. 

The chemlcjil analysis of No. 151 will be found on page 140, together with the 
other chemical analyses. While somewhat more })asic than are the dacites proper, 
the analysis of this specimen will be seen to compare fairly closely with that of No. 
1 14. The excess of lime may perhaps be attributiible to the a})undanc(» of the pyroxene. 
It can hanlly be due to the relative abundance of the feldspar, as the piagiocla,se 
pre.sent does not api>ear to })e particularly Iwisic, and the sum of the alkalies present 
is rather less than is the case with the dacite whose analyses are given. 

In conclusion, we mav sav that the absolute freshness of these spe<*imens would 
seem to preclude the possibility of a secondary origin for the granophyric growths, 

SKCUETTONS WITH BASALT-LIKE STKUCTURE. 

In addition to the a})ove-descr:bed secretions there remains a spexamen collected 
in the t)ottoin of the Sun Creek Canyon and already mentioned on page 128, that oin 
not ])e (classified with any of these varieties. The specimen in question (128) has 
a grayish color and is rather fine grained, Imt is distinctly granular and porous. In 
thin section th(» structure appears at first glance to be distinctly ])asaltic, with dark- 
])rown glass in the angular interstices formed by the intersc^ctions of rather short, 
thick-set plagi(K»lase laths. Both hypersthene and augite al)ound and occur in irreg- 
ular grains not dissimilar to the l^saltic pyroxenes, also in long, slender, prismatic 
forms. In addition to these minerals, hornblende in dark reddish-brown grains and 
prisms is quite abundant, and magnetite in (H*casional black grains. Occasionally a 
plagioclase or hy|)ersthen(» crystal assumes somewhat largtM* fonn and appc^irs in the 
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TIfIN SKCnOXS OK BASALT> AXI> OK SECRFmONS IX I>AnTE. 

Yhf. A. — Li^lit-4i»liire<I '<rnim»i»hyriir k-^' ret ion frrnn tht- daritir eje<'tamenta. Maernitieii +** diame- 
Ut«. Sjit-r-iiiieii Xo. 14>^. A i>liiit<'nii4'n»^rai»h in white lit;ht. Shi iwfi the m-ininvniv of •lark-brown 
trla^u. \i\2m'nM'\'At*t', r|¥inifiionii ?-ani«Hne. f^iraHt'l ifrowini; pri«ni<t. an<J ^rain^ «if hypen>thene ami aujnte, 
alii*) a UttK* magnet if H. S«t- jiajj** K{«5. 

Kk;. H. — Lii;)it-f>>li>n'«l •^rant»i»hyri<' se<.'retion from the daoi tic ejoctanienta. Ma^nitie«l J^ diam- 
»fter«. Sin-f-iiiien Xn. 141*. A |>hotiiniii*r«>^rai»h in whit<* liicht. Shown a hiindle of i^rullel arran^seil 
]irir*fii7> iif hyiierythfnt* anil autnt*'. which can nt>t U* ilistinsruijthed fn»in eai'h other in the phot(igrni|»h. 
S-»' i»atf»' I'M». 

Fi«.. ('. — Ma^niitiiil 4>^ ilianieterH. Sjieeimen No. 2iW» (private eolleotion of II. B. Pattoni. A 
IihiitiMiiiiTo^raph in whit** lii^ht. Showii the interstitial tftructureof some of the bosaltf?. See jAge 142. 

Via. D. — Ra»alt, Tiinljer < "rater. MaL^iHttl 4S itiameters. Sjie<'inien Xo. 165. .\ photomien>- 
irrapli in whit4* li^rht. Illuatrate;^ the Hnidal-inter^litial structure of }t«>nieoi the lianalt^t. S(*e pagi* 149. 



U. S. GEOLOGICAL SURVEY 



PROPESSIOMAL PAPER NO. 3 PL XIX 




140 



PKTUJ)(»RAPUY of (RATKR lake NATfONAL PARK. 



rol(» of a phonocTvst. What ap|K»ars to 1k» dark-hrown jiflass inclosing slender aujfito 
niicrolitos and Hllin*^ tin* intorsticos b<»t\v(»on the plagicK'lase latlis is seen in j)olarized 
lij^ht to he small. sphtM'ulitic t rystallizjitions. In spite of the geneml striietiire this 
r(K*k is quite different from any of tht» C'mter Lake })asalts. Iti* its.soeiation with 
daeites and the* pre.senee of abundant hornblende, as well as the spherulitie base, lead 
to the conclusion that this is in reality a secretion in a dacitic magma. 

An inchision in a <lacite dike below Llao Kock, des<Tibed on page 122, is con- 
sidered to be a similar occurrence. 

CHBMICAL ANALYSES OF DACITES. 

The following analyses were made in the laboratory of the tlnited Stiites 
(ieological Suryey: 

Annli/ms nf (Vnter Jjtikt' dnrHei*. 
[AimlyjH's by H. N. SUjkes.) 
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No. 102. Ily|)er8thene-<la('ito, vitrophyric tyiK?, wnith cmI^c uf Llao Uoi'k flow. Set' i)age liMJ. 

No. 118. Lithoiclal hyi)ei>«thene-(lacite, water's e<lge, head of Cleetwoo<l Cove. See pajre ll.'J. 

No. 114. Streaked, vitrophyric hy|)er8thene-dacit(s near Wine|L?lass, (irottoCove, on the ea^t Hi<le 
of the lake. Si»e pajje 1 14. 

No. 13(). Hyperstheiie-dacite, lithoi<l«l tyiK% from a small dike that cuts the older flows immedi- 
ate! v IhjIow Llao Rock. 

No. 148. .V <lark-i'olore<l seen^tion found am(»n^ the <lacitie ejeetamenta. See pa^je 180. 

No. 151. A light-eolore<l secretion foimd among the dacitic ejectamenta. See page 189. 

»A8AIjT8. 

• 

As will l)e seen by ronsulting the map the l)a8alts of C'niter Lake comprise only 
the later volcanic eruptive masses that form the various cones, mounds, and flatter 
lava sheets to the north, west, and south of the lake. No basalts whatever are found 
in the walls of the crater or in the dikes cutting them. Nor are they to l)e seen on 
the immediate outer slope of the (a*ater. 

In the j^reat majority of cases the basalts fjear a ver}^ close resemblance to many 
of the andesites, and sometimes can not surely be distinguished as Imsalts. In not a 
few cases, however, typically developed basaltic structures are to be noted. This 
type will l)e considered first. 

INTERSTITIAL BASALTS. 

This type of basalt is represented b}- four specimens (152, 153. 154, 155) tiken 
from the hill that rises 500 to 600 feet above the level of the plain of Diamond Lake, 
in the extreme northwest corner of the Crater Lake area; also by two specimens 
from the lava flow at the east base of Red Cone, about li miles northwest of Llao 
Rock on the crater rim (156. 157); also by four specimens taken from different places 
in the ])asaltic area west of Anna Creek in the t^xtreme southwestern corner of the 
region mapped (158, 151), 160, 161). 

These rocks are all rather light colored, of a grayish to brownish tint, and 
contain occasionallv a few cavities, but are never reallv scoriaceous. The grmins 
are remarkablv uniform and are nither dense, but not extremelv so. Under the lens 
they appear holocrystalline and disclose o(;casionally greenish to reddish olivint* 
gi*ains and likewise greenish grains of hypersthene. Both olivine and hypersthene 
have a distincrtiv resinous luster. 

An absolutely holocrystalline stru<'ture can only occasionally be made out under 
the microscope (156, 152). but in all cjises a glass base plays a very subordinate role. 
The structures is dominated by the feldspars, which occur in mostly very distinct lath- 
shai>ed forms, while the augite is larg(»ly confined to the mon^ or less angular spaces 
betwe<Mi the feldspar laths, after the manner of a nuvsostjisis. This stru<*tun» may be 
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well-detined prisms that are two or three times as long as wide. In the more dis- 
tincth' holocrystalline varieties this mineral is almost gmnular, the prismatic habit 
being very roughly dtneloped. On the other hand, where the structure is less crys- 
talline and th(» glass ])ase distinctly recognizable, the characteristic habit of hypersthene 
can readil}' be made out. In such cases the forms are bmchypinacoid and macro- 
pinacoid with subordinate prism, terminated by a flat pyramid. In color and pleo- 
chroism th(\y exactly resemble the hyi)ersthenes of the andesites. In the very thin 
sections, however, necessary for the study of these rather tine-gmined rocks, it is not 
easy always to distinguish l)etween augitc and hypersthene. In such cases the gen- 
eral form, pjinillel extinction, and lower double refraction are usually suflScient. In 
the tiner grained specimens the hypersthene does not differ greatly from the plagio- 
clase laths in size, being perhaps, on the average, somewhat smaller; in the coarser 
rocks thev are apt to be decidedlv smaller than the feldspar laths. Thev are nearlv 
free from inclosures, magnetite octahedrons and an occasional apatite prism being 
the only observed exceptions. As stated above, they are older than the augite 
grains, and seem also in most cases to be older than the plagioclase. 

Parallelism of growth between augite and hypersthene is a common occurrence. 
This is more noticeable in the basalts that are ix)or in augite. In such parallel 
growths the augite invariably appears as a slender strip on each side of a prismatic 
hypersthene prism, the two strips on the opposite sides of the crystal extinguishing 
together. Very rarely may augite be seen on the end of a hypersthene crystal. It 
is worthy of note that this parallelism of growth between these two pyroxenes is not 
universal, that is, not all of the hypersthenes in any one thin section are thus bordered 
by augite. 

OLIVINK. 

Olivine is a constant but very fluctuating ingredient. It appears to be par- 
ticularly abundant in those rocks where hypersthene is either missing or at least 
not abundant. No. 157 well illustrates this fact. It is a nearly holocr^'stalline 
basalt, with abundant augite and olivine, but with only two or three hypersthene 
individuals visible in a thin section. The olivine appears either colorless or slightly 
yellow, but it is frequently stained blood red along the irregular cleavage cracks. 
In a few cases a slight serj^entinization has started in. The olivine occurs usually 
in granular form or in clusters of grains and only exceptionally in roughlv defined 
crystals. It is the largest constituent of these Imsalts and is the onlv on(» that mav 
be classed as a phenocryst. In No. 152 the olivine appears to have suffered to some 
extent from magn.atic resorption. This is indicated by a }x)rder of opaque ore 
grains. This black border does not occur on all individuals. It is l)est seen on the 
smaller ones. It may cK'cur on one end of a crystal and Ih^ missing on the other 
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end. A few of the smaller crystals show only a core of unaltered olivine while the 
greater part of the crystal has been thus altered. In this specimen the small 
individuals of olivine are unusually well defined and show quite distinctly the crystal 
shape. In such cases the granular mass of ore has retained the original crystal form 
of the olivine. The olivines show occasional inclosures of magnetite and also once 
in a while of brown glass. 

MAGNETITE. 

Magnetite is not present in very great abundance. It occurs in the customary 
grains and small octahedral crystals scattered throughout the rock and inclosed in 
all the other ingredients. It varies considerably both in amount and in the size of 
the individual crystals, but it never assumes the importance that is ordinarily 
expected in basalts. It also occurs, as described below, in the form of fine dust 
impregnating the interstitial glass. 

As already mentioned, the glass base of these basalts varies somewhat in amount. 
It is never very conspicuous, and it vanishes almost entirely at times. In a number 
of cases the glass can not actually be seen, but its presence is probably indiciited 
by the occurrence of black dust, which is probably magnetite and globulitic matter, 
and which occurs either in separate but very minute grains that are too small to 
measure or in very minute rod-like or trichitic-like growths. Apparently these 
opaque particles are inclosed in the feldspars, but as they are to be seen mostly at 
the junction of the plagioclase laths it is more likely that they are really embedded 
in a very thin film of glass. None of the specimens above described is entirely 
free from this black powder. 

This interstitial structure is brought out in fig. C of PL XIX (p. 138). 

The chemical analysis of No. 158 will be found with the analyses of other 
basalts from Crater Lake on page 161. Although this is as typical an example 
of basalt as may be found around Crater Lake, the analysis indicates a rock 
closely allied to the andesites. It is distinctly more acid than is the olivine-bearing 
basalt (173), a description of which may be found on page 155. 

A partial analysis of another interstitial basalt (162) was carried out in the 
chemical laboratory of the Coloi'ado State School of Mines by Prof. R. N. Hartman. 
This analysis gave Si02 = 55.18 per cent. It would seem, therefore, from these two 
analyses that the interstitial basalts of Crater Lake have unusuall}^ high percentages 
of silica. 

HYPER8THENE, APATITE, AND PSEUDOBBOOKITE CRYSTALS IN BASALT. 

In a specimen of basalt of this type collected on the east base of Red Cone 
(156) occur numerous flattish cavities that measure from one-quarter to one-half 

9255— No. 3—02 10 
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inch in greatest diameter. These cavities are lined with minute crystals of four 
different kinds; first, hypersthene; second, pseudobrookite; third, apatite; fourth, 
unknown white mineral. 

The crystals of hypersthene occur in very brilliant though minute tablets, 
transparent, and of a fine deep-brown color. When examined under the micro- 
scope these crystals give the properties of hypersthene a^ seen in section parallel 
to the bi'achypinacoid. Pleochroism is marked with greenish color in the direction 
of the vertical axis and a decided brown at right angles to this direction. The 
extinction is parallel and the vertical axis the direction of least elasticity. No 
optical image can be obtained on the large crystal face. 

Owing to the extreme brilliancy of these hypersthene crj^stals and to the fact 
that they appeared to present interesting crystal forms, pieces of the rock containing 
these cavities were sent to Dr. C. Palache, of Harvard University, for further iden- 
tification and measurement. The writer is extremely indebted to Dr. Palache 
for working out the forms of these crystals as well as for the identification and 
measurement of the pseudobrookite crystals. The result of this painstaking work 
is given below. As will be seen by comparing his measurements the supposition 
that these brown, pleochroic tablets are hypersthene is abundantly proved. 

The cavities also contain a very few black and not well-defined crystals which, 
under the microscope, appear to have a deep reddish-brown color and to show 
no pleochroism. Although the writer is not certain that these black crystals are 
the same as those identified by Dr. Palache as pseudobrookite, the probability is 
in favor of that supposition. 

APATITE CRYSTALS. 

Apatite occurs in very delicate, minute, slender needles. The identification 
as apatite rests upon the needle form and the fact that they possess very low 
double refraction and have parallel extinction with negative extension. 

The unknown white crj'stals occur in abundant, roundish forms which, when 
broken, are seen to be aggregates. It is possible that they are tridymite, with 
which they have some resemblance, but this could not be proved. 

Below is submitted the report on hypersthene and pseudobrookite crystals by 
Dr. C. Palache. 

HYPERKTHENE CRYSTALS. « 

The hypersthene is in the form of minute tabular crystals, 0.5 to 0.75 millimeter 
in length, 0.3 to 0.5 millimeter in breadth, and about 0.1 millimeter in thickness. 
They are always attached to the walls of the cavity by an edge in such manner that 
double terminations never occur. The faces are bright and sparkling except 



<» The descTiptioii here given is the work of Dr. C. Pulache. 
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(Z, 100, which is sometimes striated parallel to the vertical direction; but on account 
of their minute size the reflections are dim, and the readings, therefore, subject to 
considerable variations. 

The observed forms (position of Groth, a: b: c— 1.0308: 1: 0.5885) were as 
follows: 

rt, 100 ?i, 210 i 121 
/>, 010 tv, 310 u, 322 
m, 110 it, 102 

The most frequent combination of these forms is shown in fig. / of Pi. XIV 
(p. 76), which is an exact reproduction of the figure given by Schmidt '^ for the 
hypersthene from Mdln^, Hungary.* 

i, 102, also found on the Mdlnas crystals, was found only on a single crystal 
shown in fig. J of PI. XIV, and the same was true of n, 210, a single narrow face not 
shown in the drawing, w, 3lU was observed on several crystals and measured on 
two. This form was first observed by Fouqu^ on hypersthene from Santorin/ but 
he did not indicate it as new and gave no measurements. It has therefore been 
rejjected in most of the recent lists of hypersthene foiins, but appears to have been 
confirmed by the present measurements. 



m, 110 

n, 210 1 62 46 

tt', 310 

ky 102 

I, 121 

u, 322 
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Number 
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5 
1 
5 



P8EITDOBROOKITE CRYSTALS. '^ 

Accompanying the hypersthene in a single cavity were several slender, needle- 
like crystals, having a lirilliant metallic luster. Their appearanc,** und the associa- 
tion in which they occurred recalled the description of pseudobrookite as found in 
the hypersthene-andesite of Aranyer Berg, Hungary;'' and, notwithstanding the 
minute size of the crystals, it was found possible to obtain approximate measure- 
ments from two of them, which seem to confirm this determination. 



aZeit. fOr Kryst., Vol. X, 1885. p. 210. 

6 This figure is given by Dana. p. 349, fig. 2, but with incorrect lettering. With the axes there adopted, the letters 
a and b on the two pinacoida should be interchanged. 
cBull. Soc. mln. France, Vol. I, 1878, p. 47. 
rfThe description here given is the work of Dr. C. Palache. 
« Among others, Traube, Zelt. far Kr>'st., Vol. XX, 1892, p. 327, 
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The foriiLs found are shown in fig. Koi PL XIV (p. 76) and in the following 
table, together with the measurements: 



Measured. I Calculated. Number 

— — — — of read- 

(p p q) P ings. 



a,100 ; 90 00 90 00 90 00 90 00 

6,010 00 00 90 00 I 00 00 90 00 

//i,210 ' 63 42 90006345 9000 

^,110 46 00 90 00 45 23 90 00 



4 
4 
6 
3 



e,103 90 00 20 57 90 00 20 53 2 



The faces of the pinacoids, a and />, were bright, but the prisms were deeply 
striated and gave very poor reflections. 

The position here adopted is that originally proposed by Koch * and retained by 
Schmidt, Traube, and Groth. With Dana and Goldschmidt the axes 1) and c are 
interchanged. The former seems the more natural choice, in view of the pronounced 
prismatic habit of the crystals and since the chemical relations of pseudobrookite 
to brookite do not seem to bear out the apparent form relations between the two 
minerals which it was the purpose of the altered position to express. 

FLUIDAL-INTERSTITIAL BASALTS. 

In at least two instances (152 and 155) the above-described interstitial basalts 
disclose a decided tendency toward a fluidal armngement of the plagioclase laths, and 
thus present a transition stage between the more typicall}' develoi)ed interstitial 
basalts and what may be termed basalts with a fluidal-interstitial structure. This 
last-named type is well illustrated by four specimens, three of which (lt)2, 163, and 
164) were collected in different parts of the basaltic area to the southwest of Crater 
Lake, from which most of the interstitial basalts came, and the fourth (165) from 
a widely separated section, namely, from the southwest slope of Timber Cmter, 
situated about 4 miles to the northeast of the lake. 

These rocks consist of plagioclase, augite, hypersthene, and magnetite with 
almost no olivine. Glass is also undoubtedly present, but certainly not in large 
amount. The fluidal structure is due mainly to the fact that the plagioclase appears 
in ver}' long and slender lath form, and to the further fact that these feldspar laths 
have a very marked parallelism of arrangement. The structure is indeed quite sug- 
irestive of the fluidallv arranged sanidine laths in ti-achvtes and manv rhyolites. 
These plagioclase laths are quite sharp in outline, or, at least, this may be said to be 
true of the sides of the crystals. They are many times as long as wide, and have 

* A. K(H.'h, Mill. Mitth.. Vol. I. 1878, pp. 77 and 344. 
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an average size of alK)ut 0.1 to 0.2 millimeter. The fluidal structure is further 
accentuated by the fact that the hypersthene and to a considerable extent also the 
augite occur in rather slender prisms, which are likewise aiTanged parallel to the 
feldspars. Hypei'sthene is distinctly the dominating pyroxene, being usually much 
more abundant than augite. It occurs only in prismatic form in crystals that measure 
usually about 0.02 to 0.05 millimeter in length, and about one-third that amount in 
width. Occasionally somewhat larger individuals may be seen, but, as a general 
thing, their size is very uniform. They inclose small grains and octahedral crystals 
of magnetite. The augite is to be seen both in grains and in minute prisms, almost 
identical in size and appearance with the hypersthene prisms. In fact, in white light 
it is almost impossible to distinguish between the two, as in color, size, shape, and 
inclosures they resemble each other. Even the pleochroism can hardly be used as 
a means for distinguishing these two pyroxenes, because of the necessaril}- thin sec- 
tions required for the proper study of such fine-grained basalts. In polarized light, 
however, the distinction is not difficult. Parallelism of growth between hypersthene 
and augite may be observed exactly as in the ateve-described rocks, the augite 
appearing in the thin sec^tion as slender parallel strips on each side of the 
hypersthene. 

The fluidal -interstitial structure is shown in tig. D of PI. XIX (p. 138). 

The almost complete absence of olivine in the basalts in which hypersthene is 
unusually abundant is a further corroboration of the frequently noticed fact that 
the development of olivine in a basalt is not so much dependent on the chemical 
composition as upon the conditions of solidification. Irrespective of the fact that the 
amount of olivine in these and in the more typically developed interstitial basalts 
appears to vary inversely with the development of hypersthene, it may be remarked 
that the small amount of olivine present in all these basalts falls in line with the 
remark of Professor Rosenbusch," to the effect that olivine occurs most sparingly in 
the basalts of a hypidiomorphic or of a doleritic type. The basalts under discussion, 
although hardly to be called typically doleritic, are at least more allied to that type 
than to any other. 

In No. 163 are to be seen minute, rod-like microlites of a deep reddish-brown 
color and almost opaque. In size they measure on the average 0.01 millimeter long 
and 0.00*1 millimeter wide. They resemble rutile, but do not give the brilliant 
polarization colors characteristic of such minute crystals of that mineml. In fact, 
it could not be shown that they aflfected polarized light at all. They have not been 
noticed in the other basalts. 

These fluidal-interstitial basalts, when compared to those already described in these 
pages as interstitial, are closely allied to those occurring in the northwest corner of 

a Mikroskopischc Physiographie, 3d edition, Vol. II, 1896, p. 998. 



150 PETROGRAPHY OF CRATER LAKE NATIONAL PARK. 

the Crater Lake area, and more especially to Nos. 152 and 155. No. 104 shows the 
fluidal structure much less perfectly developed than do the other three and may be 
considered as intermediate between the two types. No. 166 was collected at the same 
place as No. 164 and is probably a locally diflferentiated variety. It could hardly be 
classed here if taken by itself. The plagiodase is much less abundant and occurs in 
somewhat larger slender laths, that lie in all directions but are not abundant enough 
to interfere with each other to any great extent. The bulk of the rock consists of a 
feldspathic paste thickly crowded with extremely minute pyroxene prisms and with 
octahedral crystals of magnetite. Both augite and hypersthene are represented, but 
it is impossible to determine in what proportion. 

These two types of basalt are, then, very closely linked together, and the 
transitions between the different specimens collected are much closer than are the 
transitions between these and the porphyritic basalts whose description follows, and 
still more plainly is this true as compared with the basaltic-looking andesites of this 
same region. The force of this statement will better be appreciated in connection 
with the comparison made below with the so-called hypersthene-andesite from 
Franklin Hill, Plumas County, Cal. We have seen that many of the basalts and 
andesites of Crater Lake cun with diflSculty be distinguished from each other, but 
this can not be said of the above-described interstitial and fluidal-interstitial basalts. 
The more marked characteristics of these rocks for purposes of comparison with the 
andesites is the almost complete absence of porphyritic development. This is seen 
both in the scanty development of phenocrysts and in the lack of a younger 
generation of the mineral ingredients. 

These fluidal-interstitial basalts (especially No. 162) bear a close resemblance 
to a rock from Franklin Hill, Plumas County, Cal., which is briefly mentioned 
by Mr. H. W. Turner in the Bid well Bar folio. ^ In his article on The Age and 
Succession of the Igneous Rocks of the Sierra Nevada * he calls it a hypersthene- 
andesite, and describes it as follows: 

"In the area of the Downieville and Bidwell Bar atlas sheets are numerous 
bodies of a dense fine-grained gray lava, which usually weathers with a slaty fracture, 
the apparent cleavage being often vertical. The rock is composed of plagiodase, 
augite, a slightly pleochroic rhombic pyroxene, and grains of magnetite. The 
feldspar, augite, and rhombic pyroxene are in the form of minute elongated prisms 
or laths, and this is true of 'the rock at widely separated localities, and the laths of 
all are nearly of the same size. About half a gram of No. 661, powdered and treated 
with HCl by George Steiger, yielded no gelatinous silica, but nevertheless there 
appears to be some glass present." 

Through the kindness of Mr. Diller the writer was enabled to make a 
study of a thin section of No. 661, referred to above. The resemblance oetween 

a Geologic Atlas U. 8., folio 43. b Jour. Oeol., Vol. HI. 1895, p. 409. 
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the rock which Turner calls a hypersthene-andesite and those just described from 
Crater Lake is even closer than might be inferred from the above-quoted description. 
The diflferences are rather in the size of the grain than in more important matters. 
One sees the same delicate, uniform prisms of rhombic pyroxene and of augite, 
the same slender feldspar laths, and, locally developed, in the thin section the same 
pamllelism of structure. In the CaHfornia rock the pyroxenes are somewhat larger 
and therefore more plainly developed. Mr. Turner also gives in the same paper a 
partial chemical analysis, tus follows: 

Partial chemical analyifut of hypersthene-andesite. from Franklin Hill, Plumas County, Col. 




This analysis alone certainly seems to justify Mr. Turner in calling the rock 
he describes an andesite, but upon close inspection it will be seen that the analysis 
is reallv that of a ro(»k intermediate between a basalt and an andesite. As far as 
the silica alone is concerned the amount is more suggestive of a hypersthene-andesite 
than of a basalt. But the percentage is only a little over 1 higher than that given 
for a basalt glass (tachylite) from Sasebiihl, near Di'ansfeld, Hanover." Furthermore, 
Mr. Diller has published a list of chemical analyses of quartz-basalts from Cinder 
Cone, northeast of Lassen Peak, California,* in which silica runs as high or higher — 
in one case three-quarters of 1 per cent higher — than that given for the Franklin 
Hill andesite. Inasmuch as Mr. Iddings has fairly demonstrated^ that the presence 
of primary quartz in basalts is not due to the excessive amount of silica present 
in the magma, it may well be claimed that the rock from Franklin Hill is not 
necessarily too acid for a basalt. 

When the lime, potash, and soda in this rock are taken into account it would 
be impossible to distinguish as to whether the rock were a basalt or an andesite, 
foi it would be easy to cite analyses of both rocks in which these substances are 
present in almost the exact relationships that are given in the case under discus- 
sion. As to whether the Franklin Hill rock should really be called a hypersthene- 
basalt instead of an hypersthene-andesite the writer will not assume to say, as 
this might well depend on surrounding associations with which he is not suffi- 
ciently familiar. In the absence of a chemical analysis of the fluidal-interstitial 



a Rosenbuscb, Elemente der Gesteinslehre, Stuttgart, 1898, p. 309. 

b A late volcanic eruption in northern California and its peculiar lava: Bull. U. S. Geol. Survey No. 79, 1891, p. 29. 

cOngin of primary quartz in basalt: Am. Jour. Sci., 3d series, Vol. XXXVI, 1888, p. 220. 
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basalts of Crater Lake it ma}" perhaps be assumed that the composition doe« not 
vary greatly from that of the California rock. Even so, on account of the close 
resemblance to well-defined basaltic types of the same region, and on account of 
the sharp contrast it presents to the andesites of this same region, one may, in the 
opinion of the writer, be justified in calling these rocks basalts. In any case, on 
account of the great variability in the chemical analyses of rocks we are accus- 
tomed to class under the same family name, the structural relationships would 
serve better as a means for determining the rock name than would the chemical 
analysis alone, especially in cases where that anyalysis is not typical. 

PORPHYRITIC-INTERSTITIAL BASALl-S. 

This type ot basalts may be said to contain well-defined and usually abundant 
phenocrysts, always of olivine and generally also of plagioclase, hypersthene, and 
augite, in a groundmass that bears a more or less close resemblance to the interstitial 
basalts. As a rule, however, the groundmass is inclined to contain more glass and 
the minerals of the second generation have more sharply developed forms than is the 
case with the corresponding minerals that compose the interstitial basalts. 

The lava of Desert Cone, immediately north of Red Cone, may be taken as the 
best example of this type of structure. Red Cone also is composed of basaltic lavas 
that belong to this type, but not entire so, as will appear later. 

The lava of Desert Cone is represented by three specimens — No. 167 from the 
north side, near the summit, and Nos. 168 and 169 collected close together about 1 mile 
farther south on the southern slope. All three are very much alike. In the specimen 
from the north side olivine is the only phenocryst; in the two from the southern slope, 
in addition to olivine, plagioclase, in a rather subordinate role, occurs as a phenocryst. 

The olivine in these specimens is to te seen in very sharp idiomorphic crystals 
and also in crystal fragments. They are particularly well adapted to a study of the 
crystallographic forms and optical properties. At first glance some of the olivine 
crystals, especially the fragments, resemble augite somewhat, the color being a light 
yellowish green. Irrespective of the crystal form, however, one can usually distin- 
guish both the crystals and the fragments by their unusually rough appearing sur- 
face and by their high interference colors, also by the absence of well-defined 
cleavages. They usually appear in rectangular or hexagonal shapes. The dominant 
forms are the brachydome (021) and a prism. In sections cut parallel to the macro- 
pinacoid this combination gives hexagonal outlines, the angle formed by the trace of 
the brachydome being not far from 80^. Such a section also gives a positive bisec- 
trix, with large optical angle (168). 

In No. 169 the olivine phenocrysts have very sharply developed forms and show 
an extensive alteration to iron oxides. This alteration product occurs both as a 
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broad rim and as finely granulated masses scattered throughout the crj^stal. In the 
very smallest crystals the olivine has been almost completely replaced; in the larger 
ones the unaltered olivine rarely composes more than one-half of the entire bulk and 
generally much less than one-half. This iron oxide alteration product consists some- 
times of perfectly black, opaque material, which is presumably magnetite; in other 
cases the grains are slightly transparent and are of a deep red color, suggestive of 
hematite. Still more commonly both magnetite and hematite abound. In spite of 
the sharpness of the crystal forms the olivine phenocrysts are frequently penetrated 
by plagioclase laths, thus indicating a very basic feldspar. (See fig. L of PI. XIV, 
p. 76.) These penetrating feldspar laths do not occur in the center, but only at the 
margin of the crystals; occasionally, also, one may see an olivine crystal impressing 
its form on a plagioclase phenociyst. This, however, is by no means as common 
as- the other case. It would seem from this that the feldspars had commenced to 
crystalize out before the olivines had ceased to grow. Possibly they may have 
begun simultaneously with the olivines. 

The only other phcnocryst in this basalt is plagioclase, and even this is absent 
from one of the three specimens (167). It is b}^ no means conspicuous nor very 
markedly different from the smaller feldspathic laths that make up the greater part 
of the groundmass. The shape is rectangular or long rectangular. The largest 
extinction angles noticed on sections cut perpendicular to the albitic twinning plane 
was 30^ in No. 168 and 29^ in No. 169. This does not indicate so extremely basic a 
feldspar as its relationships to olivine would suggest. Probably if the plagioclase 
phenocrysts were more numerous sections could be found showing larger extinction 
angles. 

The groundmass appears to be nearly holocrystalline. It is composed of well- 
developed plagioclase laths of hardly more than microlitic proportions, augite in 
minute grains, or in both prisms and grains, and abundant magnetite in mostly very 
minute octahedrons and grains. Hematite powder is also abundanth" developed in 
the groundmass of No. 169 as well as in the olivine phenocrysts. In addition to the 
above-named minerals hypersthene has been recognized in No. 168. It is entirely 
confined to the groundmass and occurs in but one generation. It forms very small 
prisms that measure 0.06 millimeter long by 0.01 millimeter wide and that very 
closely resemble similar prisms of augite. They are too small to show any pleochroism 
and are to be recognized only by their parallel extinctions and lower interference 
colors. In fact, it requires some little familiarity with these rocks before the distinc- 
tion between the pyroxenes can be made. 

In the southwest corner of the area covered by the Crater Lake map, and about 
half a mile south of the road, was collected a specimen of basalt. No. 170, that is 
closely connected with the interstitial basalts. In a groundmass composed of plagio- 
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he Hhsckal vTtik lu- laier^dtad hiMdt^. Tlkr p4>gv y-ii*ij-. iaoik* atpt tike irjaii^iki 
mia^nL Mvi a{^|)^ar to :&<kf^ tb^ maj^cliftr ao^h^* frmift^ a? veij k* tb& Uak gihs» 
pnsi0f9it m U10: mt^r«ck^3» fornKd 7T th^xr iBti^rHPirtxiA. Hjper^dhefl^. viudi Oi»Tzz9> 
ottlj r^rj ^pMiAjdj ^« ft pbeiKPtryi^ L* morv* ftrjcndftnt ia th«r grocadiittae. bd fts- it 
l^ UmxA iMn% ooIt m f/tvauMf: ^rr^tiJ* juyi zk4 ib ^raiik^ liker tbi^ ac^Ttr-. it i^ prr>|jerij 
K^jf to y^: ^M^k^wi M^ ^0:Vmzi*'^ •Crkthr to xbt froGivixiBL^, bczt ndiarT to the oi>i^r 
^vriKntiMi of '^^taL*. 

Aitfarjogfa tin* rotrk p«ns!e«te an €titir!JT diferent mpp«*rmiKe from tijie hassdt 
froifi I>»ert Co«-. it nm;^ still be fc^i^n^d u.* tis*- type which ha:* beec dr^igmtird a- 
f^jrfiirfiA:-inU:r^mhd» It L- in a wmy iBtenD^dtttie beCw^^Hi tzke i^ioeTy^^^alluMr 
icfter<ital ai»d the miKfes-itif:: trpes*. 

<^ime ^fhiiilar to thi* ror-k L« Xo. 171. ^jlWted tj^tween Crmter Peak and S«m 
f.reek. 

.Still aaocfaer derek^MDeot of the p or p h i f it igr-iaterstitial tjpe of batsah i^ 10 be 
^leaetk ID part erf the faiTa roeks of Bed Cone. These are dark-graj. in one €«:*« red« 
^ktkM^ ^rciviaeeocto fatrai*. The phefioerT«t* are rerr iiicofk^>ktioos<. but mar be made 
oat fUk^ferr the potket len*. Ther cooi^^t of rellowish to red ofirine. yellov to black 
augxte. aod white pbgiodaae. 

Voder the mieroiicope the&e appear to be decidedlj porphrritie rOek^ with abtm- 
daot and well-defioed. though -mall, pheooerr^ts of oUvine. aogite. and piagioela&e. 
The plagi oel a fA i« the moiit rariabie of the phenocrrst^. a;^ one specimen (17±, col- 
ahoot 1 mile ^oothweaivt of the cooe^ rxintain? almoist do pbeDOcrT<.s of thi> 
It oeetir* in n^rtangular. broad to narrow, lath-shaped crystals, the ^mailer 
of wbk:b graduate into the fiMgiochtat of the groixodman». The ends of the laths ane* 
eat 5K|aarely off. %i^\fy % pinacokL where the groandmaai^ is distinctly gla»y. bat. in 
#aij)e the latter i* more deeidedlr ervslalline. the ends are somewhat fraved. Ther 
ineioM; at time^ a «mall amoont of dn^y -looking gbw similar to that of the groond- 
nMMd. bot neither in sihape nor in the appearance or arrangement of the inclosares do 
thene pbgiorhae phenocrrrstift resemble those of the andeates or of tne la^-descrifaed 
ba««tt. EztinetioD anglea in symmeCricaUr cat sectiooa« L e., in sectioa^ perpeodic- 
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ular to the brachypinacoid, were measured as follows: 27'^, 30^, 31^, and 34". They 
are younger than both olivine and augite. 

Of the pyroxenes augite is the only one of consequence. Of the four specimens 
studied three (174, 175, 172) contained no hypersthene and one (173) contained but 
one individual, which consisted of a roundish grain having a small core of hyper- 
sthene and the outer and larger part augite in pai'allel position. This growth of 
augite appears to be secondary and distinct from the more customary occurrence of 
augite growing around hypersthene crystals. Aside from this one (»ase augite occurs 
in gi'anular form, but even so impresses its form upon the plagioclase wherever it 
comes in contact. It is to be found both isolated and in nests with olivine. The 
color is usmiUy greenish, but in No. 174 many of the grains have a brownish cast, 
or else they have greenish centers and shade into brown on the outside. It may 
be added that the hand specimen also discloses a few black augite phenocrysts, 
2 to 3 millimeters long, that do not appear in the thin section. 

Olivine is a very abundant constituent. It occurs in well-defined, sometimes in 
very shaiply defined crystals, as well as in grains, the latter form being common 
where the olivine forms nests with augite and occasionally with plagioclase. In 
No. 174 this mineral occurs exactly as described for No. 169, one of the specimens 
collected on Desert Cone. It has the same clear-cut forms and has undergone the 
same alteration to hematite. In this case, however, the altemtion has progressed 
still further. Not only have we the outer rim of almost opaque hematite, but the 
center of even the largest crystals is so thickly crowded with hematite as to leave 
very little clear olivine visible. (See Fig. Moi PI. XIV (p. 76.) 

The groundmass of these rocks is abundant and mostly very distinct from the 
phenocrysts. It consists essentially of a colorless but dusty glass base that is 
crowded with augite microlites in the form of minute prisms and grains, also micro- 
litic plagioclase laths and sharp magnetite octahedrons. The interstitial structure 
is not clearly brought out, but is produced in part by the plagioclase of the pheno- 
crysts and in part by the plagioclase of the groundmass, there being no well-defined 
distinction between the two. The poi^phyritic structure, therefore, is much more in 
evidence than is the interstitial, and this rock mav be considered in a sense as inter- 
mediate between the porphyritic interstitial and the more distinctly porphyritic 
basalts. It does not, however, bear much resemblance to that type of porphyritic 
basalts that are described as andesitic in these pages. 

The chemical analysis of No. 173 will be found on page 161. 

Two specimens, Nos. 176 and 177, collected about 3 and 4 miles, -respectively, 
west of Red Cone, have been placed in this group of porphyritic interstitial basalts, 
although they are decidedly transitional between this group and the interstitial 
basalts proper. The greater part of the rock, as seen in thin section, constitutes a 
sort of holocrystalline groundmass similar to that of the more coarsely grained 
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interstitial basal t«i. In thi>* <^rounclmas8 of plag'im-la'^e. augite. and ma^etite o<*cur 
?^Tnf» rather ?*harply define<] phenocrystn of olivine, augite, and pIagiocla.se. The 
two la.st-named phenfx-ry.sts oc^'cur also in granular form or in ne.sts of grains, and 
oTade off into the same minerals of the groundma>s. so that no sharp line can be 
drawn in either t-ase between the components of the groundinass and the pheno- 
crvstH. In the case of olivine, granular forms also occur, but these are always 
distinct from the gToundma.ss in which no olivine occurs. 

The olivine is slightly ^erpentinized. and is stained in places a deep red. It 
contains inclosures of magnetite. The better formed crvstals of augite disclose 
the customarv' form-s. namely, prism, two pinacoids, and flat terminal pyramids or 
dome faces. It is frequently twinnetl in double, triple, and multiple twins*. The 
twinning plane is the orthopinacoid. It incloses olivine and magnetite, and. to a 
very slight extent, also plagioclase. The plagioclase crystals show more or less 
rectangular, but not very sharply cut, outlined. The period of development almost 
exactly coincides with that of the augite. as these two minerals often impress their 
form on each other. A few cn'stals contain minute <rla8s inclosures. but usuallv 
they are free from inclosures, and do nqt bear any resemblance to the plagioclase 
pbenfK-rysts of the andesites. 

Hypersthene appears to be entirely wanting. 

A verv similar basalt. Xo. 178, from near the road south of Castle Creek, at 
the very edge of the district covered by the map, is also placed in this division. 

ANDESITIC BASALTS. 

In nearly all of the Ijasaits thus far described in these pages the structures 
have been distinctly different from what has been described as characteristic of the 
andesites. To a certain extent this may also be said of the composition. But in 
the rocks here designated as andesitic basalts these differences in structure and 
also in composition to a large extent disappear, so much so that were it not for 
close association with more distinctly basaltic types, some of those here included 
would certainlv be classed with the andesites. In the absence of chemical analvses 
the correctness of these determinations must be taken with some reserve. A 
general statement of the differences noted between the andesitic basalts and the 
andesiU*s will ]>e given at the close of the more detailed description. As compared 
with the foregoing basalts, these may be said to be distinguished, with one or two 
exceptions, by the presence of a hypocrystalline groundmass or of one with an 
evident glass base, as well as by the presence of well-developed phenocrysts of 
plagioclase. 

Four somewhat distinct structural types may be recognized. They are 
designated as types A, b, c, and d. 
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ANDESITIC BASALTS, TYPE A. 

This may be studied in three specimens (179, 180, 181) from Crater Peak, 
about 4 miles south of the lake, and in one specimen (182) in the extreme 
southwestern corner of the Crater Lake area. These are ))lack to blackish-gray, 
very line grained and mostly porous rocks that have, with the exception of No. 182, 
small, but rather conspicuous, plagioclase phenocrysts. The groundmass of these 
rocks consists of a brownish glass base clouded with black dust and very thickly 
crowded with prismatic augite microlites and with minute magnetite octahedrons, 
and containing microlitic crystals that consist of very long and slender plagioclase 
lathsi These laths have straight sides, while the ends are sometimes cut squarely 
oflF, but are more often somewhat fi'ayed. They inclose usually small amounts of 
the dust}' looking, almost opaque, glass of the groundmass. The inclosures take 
the form of minute specks that are strung together parallel to the longest axis 
of the lath, so as apparently to divide the lath into two or more longitudinal 
sections. The laths are not immerous enough to interlace to any marked extent. 
The occurrence of these slender lath forms is the most distinctive feature of type A. 

The phenocrysts are mainly plagioclase crystals which in No. 182 occur in 
broad-shaped laths, and are similar to and grade into the more slender and much 
smaller laths of the groundmass, and disclose ahnost no injclosures, except an 
occasional bit of brown glass containing crystallizations similar to those of the 
groundmass. The rocks from Crater Peak, however, contain in addition to 
rectangular or broad lath-shaped individuals also larger and stouter crystals that 
exactly resem])le the oldi^r plagioclase phenocr^^sts of the typical andesites. These 
usually have clear margins and clear centers, but between the two have a narrow 
zone that is clouded with brownish glass inclosures. Some of the larger crystals 
also show rounded forms with embayments due to resorption, in which case the 
clouded zone follows the contours of the corroded crystal, being still separated 
from the edge of the cr3'stal by a narrow clear margin. This case is exactly 
identical with what has already been described under the andesites. 

Augite occurs among the phenocrysts in mosth'^ small and inconspicuous and not 
very well-delined crystals, also in grains, and is not very abundant. Hypersthene 
appears to be entirely wanting in one thin section, while in the other three only eight 
individuals altogether were noted. The habit is prismatic, but the form is not dis- 
tinct. Six out of the eight individuals have rims of augite in pamllel position. 

Olivine is fairly abundant in small crystals and grains and occurs occasionall}' 
in better-foinned, larger crystals of the ordinary type. In No. 179, however, and to 
a less extent in No. 181, this mineral also occurs in a very unusual form. It is in 
long slender prisms that show squarish cross section. The elongation is parallel to 
the crystallographic axis a and corresponds to the axis of least elasticity. These 



158 PETKOGRAPHY OF CRATER LAKE NATIONAL PARK. 

slender prisms extinguish parallel and exhibit the usual refractive prof)erties of 
olivine. A section cut parallel to the brachypinacoid disclosed a negative bisectrix 
with large optical axial angle, the axial plane being parallel to the elongation. In 
No. 181 one section, cut so as to show squarish cross section, disclosed in convergent 
polarized light a bisectrix with the axial plane in a diagonal direi^tion. This obser- 
vation, coupled with the fact that all squarish sections extinguish in the direction of 
the diagonal, indicates that the prismatic habit is due to the extension of the crystal 
parallel to the a axis and that the form is really the brachydome (021). These 
olivines show a slight corrosion, and have developed narrow resorption rims of mag- 
netite. They often contain inclosures of glass that are black and nearly opaque 
with inclosed magnetite grains. Such glass inclosures are often of irregular shape, 
but commonly they are arranged in longish forms stretched parallel to the elonga- 
tion of the crystal. These long inclosures do not extend the whole length of the 
crystal. They are more apt to be in the center of the crystal and, when seen in 
cross section, are square, the sides of the inner black square Ijeing parallel to the 
sides of the crystal. This appearance is very suggestive of the black squares to De 
seen in cross sections of chiastolites. 

ANDESITIC BASALTS, TYPE B. 

This is represented by three specimens collected 2 or 3 miles west and north- 
west of Red Cone. They are distinctly andesitic in appearance, being gvay, rather 
compact rocks with numerous but small and inconspicuous plagioclase phenocrysts. 
These might readily be taken for andesitcs, but, aside from ceitain differences in 
structure that alone might not be decisive, their association with distinctly basaltic 
rocks .may justify their being classed under the l^asalts. 

Under the microscope the groundmass is quite different from type a. One 
specimen (183) is apparenth' holocrystalline, one (184) contains a very little, and the 
third (185) quite a perceptible amount of glass. The holocrystalline specimen has a 
groundmass composed of minute prismatic crystals of augite. octahedral magnetite, 
and abundant plagioclase. The plagioclase consists in part of distinctly recognizable 
laths, much smaller and less well defined than in type a, also a sort of residual feld- 
spathic paste that does not show distinct form and can not l)e clearly demonstrated to 
have polysynthetic twinning. It has, however, a more or less undulous extinction, 
and resembles the feldspathic residual paste of some of the andesitcs. In the more 
glassy variety the augite is not so abundant, and the plagioclase appears clouded and 
indistinct because of the dusty -looking glass that impregnates the whole, but still 
can not be plainly recognized. 

Phenocrysts are abundant and well formed. They are plagioclase, hypersthene, 
augite, and, in the (*ase of No. 183, olivine. The plagioclase is characteristically ande- 
sitic in type, showing zonal structure and containing inclosures of hypersthene, 
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magnetite, and glass in its accustomed distribution. Hyperstliene and augite are 
in sharply defined crystals, except where they occur in nests, which is commonly 
the case. They have the color and pleochroism common to these minerals in the 
andesites. They both contain inclosures of colorless glass with air cavities, also of 
magnetite. Pamllel growths of augite around hypersthene allies two of these (184 
and 185) to the basalts. The olivine of No. 183 is not abundant. It occurs mostly 
in grains and in rounded forms with magnetite rims. Magnetite occurs in the cus- 
tomary octahedral crystals. 

ANDESmC BASALTS, TYPE C. 

This is, perhaps, the least andesitic in appearance and the least deserving of 
being classified as a distinct type of all the basalts of this region. The two speci- 
mens that belong here (186 and 187) were collected from the basaltic rocks in the 
extreme southwestern part of the mapped area, about 1 mile trom No. 182. As 
these two specimens bear a closer resemblance to this rock, perhaps, than to any 
othei one, they may be looked upon as a facial development of No. 182. These are 
blackish-gray, very dense rocks with a basaltic rather than andesitic appearance, 
being apparently free from phenocrysts. In thin section, however, they are seen to 
contain numerous but small phenocryvsts of plagioclase with broad lath-form, sugges- 
tive of a basaltic rather than an andesitic type. In addition to these there are only 
a few olivine and augite (but no hypersthene) phenocrysts in roughly idiomorphic 
or in graimlar form. The groundmasj^ consists of a feldspathic paste thickly crowded 
.with roundish, roughly prismatic or irregular augite grains, and with magnetite. 
Glass appears to be wholly wanting. 

ANDESITIC BASALTS, TYPE D. 

This type is preeminentl}^ andesitic, either through the development of pla- 
gioclase phenocrysts or through the presence of an abundant glassy base. The 
rocks here represented are confined to the lava flows to the northwest of the 
lake. Nos. 188 and 189 come from the eastern slope of the second summit north 
of Desert Cone, No. 190 comes from the sunmiit of the first hill north of Desert 
Cone, and No. 191 about half a mile south of this same summit and not far from 
the saddle between that hill and Desert Cone. Nos. 192, 193, and 194 were collected 
at, or not far from, the summit of Bald Crater, and Nos. 195 and 196 from the nearly 
flat region west of Red Cone. 

These basalts are dark to black, dense and partly vesicular rocks with a more 
liberal development of minute feldspar phencx^rysts than is the case with most 
of the other andesitic basalts. In spite, howev^er, of the distinctly andesitic type, 
these rocks when examined under the microscope are seen to be almost entirely 
free from the larger, stout plagioclase phenocrysts that are so characteristic a 
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feature in most of the andesites. and that mav also be seen oct^asionallv in some 
of the above-described basalts. Certainly they are free from all resorption phe- 
nomena and from the intermediate clouded zone characteristic of the larger 
plagioclase phenocr>\sts of Nos. 179, 180, and 181 of type a. In form they are iLsually 
rectangular or broad lath shaped, and they vary in size from one-half millimeter 
or even one millimeter down to the microscopic dimensions of the groundmass 
laths. There is, in fact, no sharp line to be drawn between the plagioclases of 
the groundmass and of the phenoi*rvsts. Thev varv greatlv in the character 
and amount of inclosures. At times the centers are thickly crowded with irreg- 
ular glass inclusions; at time^ these glass inclusions are scattered or even altogether 
missing. Less commonly one may note inclusions of hypersthene or of augite. 

While plagioclase is by far the most abundant phenocryst, the pyroxenes 
are also abundant. These are usuallv well developed, especially in No. 196. and have 
the customary properties already frequently des<'ribed. With the exception of 
the three specimens from Bald Crater (192, 193, 194) both augite and hypersthene 
are present. In these three specimens hyj^ersthene could not be found. On the 
other hand, oliWne, as is usually the case when hypersthene is absent or scarce, 
is much more abundant than is the case with the other basalts of type d. The 
pyroxenes, however, fluctuate greatly in amount and in definition. In Nos. 188, 189, 
19(>, and 191 hypersthene is the more abundant, the augite being almost confined 
to the groundmass. Olivine is never entirely wanting, but it is conspicuous only 
in the three rocks just referred to. In these it is not always easy to distinguish 
between the olivine and the very light green augite, as the color is almost alike 
in the two. This diflSculty is greater in sections of olivine that are cut nearly 
perpendicular to one of the bisectrices, as in this case the interference colors are 
no higher than in augite. The most conspicuous fonu developed is the brachy- 
dome (021), in addition to which there occui-s either a prism or a pinacoid. One 
section cut perpendicular to this brachydome gave in the center of the field a 
positive bisectrix with large optical axial angle. The trace of the sides measured 
82^, which is about one degree larger than is given for the angle of the brachy- 
dome (021). 

The groundmass of these basalts contains not a little glass which is either 
brown or is colorless, but rendered brown by the presence of dust-like globulitic 
material. This brownish glass is thickly crowded with minute augite prisms and, 
to a much less extent, with magnetite and with plagioclase microlites, the last 
named being, in fact, almost absent from the Bald Crater basalt. 
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CHEMICAL ANALYSES OF BASALTS. 

The following analy.so.s wen^ nmdo in tJio Tnitcnl States (T('olo<ifical Survey 
laboratory: 

Aii(lli/S4S of i'rndr hi/:r hiisnlis. 
[Analyst-.- hy n. N. Sinkr-.J 

i:)S. 17:;. ls*». 



SiOa r>ii. ?r> wi. S)\) 

Al/), IS. .S4 n>. 71 

F(- A 2. 0(> .S. so 

Fe(> 4. 2S :^. o5 

MgO 4. :;7 c^^x^ 

CaO 7. 4o S. 49 

NajO :;. si> :5. 5(^ 

K,() , . s:i 1 . 2«> 

ILO . h> .IS 

H/) ; . :;i . ow 

Tio, .79 1. IS 

ZH ), None. 

(.'(X None. Xoiir. 

PA .19 .42 

SOj Xonc. 

CI TriKv 

F FikU'I 

S Trarc. N< mv. None. 

Cr^O,, None. \(UU'. None. 

NiO .02 

Mu(> Tnue. Tnne. Trace. 



oS. 


tV) 


IS. 


35 


L 


59 


4. 


21 


3. 49 


(i. 


95 


3. 


70 


1. 


.S2 




20 




70 




SI 


None. 


• 


17 


None. 



BaO .04 . 07 I . CH> 

SrO Tnice. . 12 ' Tmtre. 

Li.j,0 None. None. None. 



Total 100. IS I 99. 92 ' \m. 20 

Note.— ()=(U. 

No. 158. A iiyi>ersthene-]K'arinj; biu^alt of the interstitial tyiM*, from Ainia Creek. See jia^e 145. 

No. 173. Hyi)ersthene- bearing biu-alt, ])orpliyritic intei-stitial tyjH', iransitinnal to the ande.sitie 
type, from the bane of Ked Cone. See i)a«:e 155. 

No. 189. A hyperr^thene-bearin*^ ba.«alt of the an«le.sitic ty])e. from north of De.sert ('one. This 
rock is doubtfully plaeeil among the basalts, lia.'^t^d upon structural and geoh^gical relationshij>s. See 
page 160. 

9255— No. 3—02 11 
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CONCLUDING REMARKS ON BASALTS. 

At the time these rocks were studied no analysis of the andesitie types of basalts 
had been made, and the rocks were named in accordance with their structural 
features. In individual cases the resemblance of these andesitie basalts of type 
1) could not well be distinguished from certain of the Crater I^ake andesites. It 
was only by taking all the specimens collected from a particular volcanic center 
that the real differences could l)e made to appear. The sunuise that these rocks 
are nearly if not quite the equivalent of the andesites is borne out by an analysis 
made later and found on page IGl. This rock, No. 18H, comes from the lava flow 
northwest of the Pumice Desert on the extreme northern edge of the area mapped. 
The analvsis is not far different from the av^erage analvsis of the Crater Lake 
andesites. It is very closely similar to the analysis of the andesite No. 31, given 
on page 94. 

From a comparison of these analyses it is evident that chemically there is no 
marked distinction l^etween this andesitie basalt and some of the rocks that mav be 
considered as true andesites. 

If this individual rock sample could well be considered ajmrt from the 
immediately surrounding rocks it should be designated as an andesite, but the 
preponderating evidence seems to point to the' general rock mass from which this 
was taken being a basalt. 

The features that distinguish these rocks from the andesites are, first, the 
abundance of olivine which, though very fluctuating, is a nearly constant ingredient, 
supplanting in whole or in part hypersthene; second, the frequent disappearance 
of the hypersthene: third, the relatively greater abundance of augite both among 
the phenocrysts and in the groundmass and, in the latter case, their greater size and 
less distinctly microlitic form; fourth, the comparative scarcity of a glassy base; 
fifth, the greater abundance of magnetite. 

The basalts of Crater Lake of all types are, like the andesites and dacites, 
almost completely unaltered. With the exception of olivine, the ingredients are 
apparently as fresh as when first formed. The onh^ forms of alteration in the 
olivine as far as noted are the partial serpentinization and the development of 
magnetite and hematite. The development of the homogeneous pseucjomorphs 
after olivine, described by Iddings from somewhat similar rocks in the Eureka 
district, Nevada," and named iddingsite by Lawson,* have not here been noticed. 

The hypersthene-bearing basalts of the Eureka district, Nevada, which have 
l)een described by Mr. Iddings in the monograph just above quoted, appear from 

a Geology of the Eureka district: Mon. U. S. Geol. Survey, Vol. XX, 1892, p. 387. 
6 Bull. Dept. Geol. Univ. California, Vol. 1, pp. 31-36. 
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Mr. Iddings's description to be closely related to the basalts of Crater Lake, 
more especially, howev er, to the andesitic basalts, except that the Eureka district 
basalts are much less feldspathic. Not only is the general character of the 
groundmass the same, but also the pyroxenes and the fluctuating olivine that 
comes in with the disappearance of hypersthene. Furthermore may be noted the 
relationship of the generally older h3'^persthene to the younger augite and the 
parallel growths of augite around hypersthene phenocrysts, which is an almost 
universal occurrence in the Crater Lake basalts of all types. Comparison may 
also be made with the quartz- bearing basalt of Cinder Cone, north of Lassen 
Peak, in northern California, described by Mr. Diller in a paper on A Late Vol- 
canic Eruption in Northern California and its Peculiar Lava.* With the excep- 
tion of quartz, the resemblance is quite close. More especially may be mentioned 
the magnetite rims around the olivine crystals and the plagioclase phenocrysts 
with their frequently <*orroded foniis and glass inclusions, as well as the develop- 
ment of the monoclinic and orthorhombic pyroxenes. 

"Bull. r. 8. Ge<)l. Survey No. 79,1891. 
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